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Preface 

The  contents  of  tills  thesis  represenfc-ths  -results 
of  doing  a  software  sirraletion  of  the  Minnteaan  D17B 
Computer.  The  D17B  computer  is  a  general-purpose  computer 
which  vas  used  in  the  control  of  the  Kinut eaan  Kisslle. 
this  computer  is  being  phased  out  of  Air  Force  inventory, 
and  as  a  result  of  being  declared  excess,  it  Is  being  wade 
available  to  governaent  agencies  end  educational  insti¬ 
tutions.  The  Air  Force  Institute  of  Technology  Electrical 
Engineering  Department  has  acquired  two  of  these  cooputsrs, 

Research,  has  bean  started  at  &FIT  to  make  the  DI7B 
computer  operational  in  a  laboratory  environment  and  to 
develop  applications.  The  software  simulation  is  a  part 
of  this  research  effort.  The  other  areas  being  pursued  at 
tike  present  tins  are  the  design  and  construction  of  a  bard* 
ware  control  console,  the  design  end  cons  true  tiesi  of  an  I/I 
interface  for  controlling  a  tape  reader,  tape  punch,  and 
teletype,  and  a  description  of  the  D173  computer  and  the 
steps  to  be  followed  in  rating  it  operational. 

1  rant  to  express  ny  appreciation  to  Dr.  Frank  K. 
Broun  and  Dr.  Gary  2.  Lassnt  for  proposing  the  simulation 
program  as  an  area  of  research  and  for  their  expertise  as 
advisors  for  this  project.  Special  acknowledgement  is  dee 
Bob  Hitchell,  a  Systems  Engineer  froa  llesaric  Air  Force 
Station,  Ohio,  for  the  knowledge  end  documentation  which 
he  has  inparted  to  this  research  project.  I  aa  also 
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grateful  to  the  other  fear  students  who  were  doing  research 
In  this  area  for  their  help  in  understanding  the  operation, 
of  the  D17B  computer. 

Brace  Chatterton 
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A  software  program  has  been  written  wfeichtlBulates 
the  functions  of  idle  Hinuteaan  D173  cooputer  at  tfaa  register 
transfer  level.  The  s isolation  prograa  is  written,  in  the 
PG3THAII  Extended  language  to  be  used  on  the  Intercom  Systen 
(teletype)  of  &  CDS  6600  computer  system.  The  s inula tion 
program  of  the  D17B  computer  was  developed  at  the  Air  Force 
Institute  of  Technology  as  part  cf  a  research  effort  in 
Mking  a  D173  operational  in  a  laboratory  environissat.  The 
sinulatian  program  has  proven  itself  useful  as  a  teaching 
aid  and  can  be  used  for  error  checking  program  tapes  to  be 
nm  on  the  D173  computer.  It  can  also  be  used  as  a  standard 
for  the  herdaare  version  of  the  computer.  The  simulation 
progran  consists  of  a  rain  program  and  eight  subroutines. 

The  sain  program  consists  cf  a  reading  and  translation  sec¬ 
tion.  which  reads  and  interprets  input  data,  a  nonconpute 
node  section  iMch  implements  the  loading  and  interaction 
functions,  and  a  compute  eode  section  which  implements  the 
search,  read  and  write  memory,  end  execute  functions.  A 
prograsaiBg  language  for  the  D173  simulation  prograa  10s 
formed  which  contains  meters  and  load  codes,  switches,  and 
Miscellaneous  eossads.  The  nl see llaneous  coazrands  include 
such  functions  as  register  display,  C&3017  display,  oode 
tracing,  and  setting  of  flipflops.  Bxaaple  programs  run 
on  the  s  inula  ted  computer  have  been  included  to  show  the 
types  of  output  available. 
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SOFTWARE  S1KULATI0M 


THE  HIHUTEKAH  D17B  COHPUTER 


I.  Introduction 

The  purpose  of  this  thesis  is  to  describe  the  software 
simulation  program  of  the  Kiimteisan  D17B  computer  that  has 
been  developed,  A  software  simulation  of  the  D17B  conputer 
was  developed  as  part  of  a  research  effort  at  the  Air  Force 
Institute  of  Technology.  This  research  effort  was  concerned 
with  finding  useful  applications  for  the  i>17&  computer. 

There  are  several  reasons  Khy  a  simulation  of  the  D17B 
coaputer  vas  written,  This  progrea  can  be  used  in  teaching 
the  operation  of  the  D17B  conputer.  It  can  also  be  used 
as  backup  capability  for  running  Dl?3  prograss  when  the 
actual  ceaputer  is  not  available.  The  cost  important  reason, 
however,  is  that  the  simulation  program  can  provide  error 
checks  for  the  D173  progress  which  it  executes.  The  hard¬ 
ware  version  of  the  D17B  conputer  has  no  error  checking 
capability. 

The  simulation  program  was  written  to  simulate  the 
W7B  computer  at  the  register  transfer  level.  A  register 
transfer  approach  was  used  because  it  allowed  the  D17B 
computer  to  be  siculated  at  the  information  end  data  trans¬ 
fer  level.  Thus  it  was  not  necessary  to  simtlate  the  logic 
equations  required  to  clear  and  set  each  flipflop.  Using 
the  register  transfer  approach  also  allows  for  the  tracing 


& 


GE/EE/72-7 


of  the  information  flow  in  the  simulated  coaputer  as  data 
is  loaded  and  prograas  executed.  With  this  inforaatian 
tracing  capability,  the  simulation  prograa  can  be  used  as 
a  teaching  aid. 

General  P17B  PcscriT-tion.  The  D17B  coaputer  is  a  snail, 
synchronous,  serial,  general-purpose  digital  coaputer.  It 
was  designed  to  be  used  in  airborne  control  applications 
and  was  used  in  controlling  the  guidance  and  operation  cf 
a  Klnutemn  Missile.  This  coaputer  has  several  important 
characteristics  of  which  the  following  are  important  to  an 
understanding  of  the  simulation  prograa.  (fief  6:5-6) 

1.  When  the  D173  coaputer  is  executing,  all  coaputer 
operations  are  controlled  by  an  internally  stored  prograa. 
This  stored  program  can  be  entered  by  external  input  devices 
(tape  reader,  teletype,  control  console  switches,  etc.). 

2.  The  word  length  for  this  coaputer  is  27  bits,  of 
which  24  are  used  in  computation..  The  remaining  3  bits  are 
spare  and  synchronizing  bits  and  thus  were  not  needed  in  the 
simulation  prograa.  For  this  reason  the  word  length  is 
treated  as  24  bits  throughout  the  reminder  of  tills  thesis. 

3.  She  Essory  storage  capability  consists  of  a  6000 
rpa  magnetic  disk  with  a  storage  capacity  of  2935  words  of 
which  2728  are  addressable.  The  contents  of  oeoory  include 
20  cold-storage  channels  of  128  sectors  (words)  each,  a  hot- 
storage  channel  of  128  sectors,  four  rapid  access  loops  (U,F 
E,H, )  of  1,  4,  8,  and  16  words  respectively,  four  1-word 
arithaetic  loops  («,!,«,!),  ssd  two  4-word  input  buffer 
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loops  (VfH).  Cold-storage  channels  are  those  msaarj  loca¬ 
tions  ubich  allox  data  to  be  stored  only  when  they  are 
enabled  by  an  external  switch.  However,  data  can  be  read 
froa  then  at  all  tines.  Hot-storage  channels  can  be  used 
for  storing  and  reading  of  data  without  an  enable  switch. 

A  loop  consists  of  a  word  or  group  of  words  which  are  con¬ 
tinually  read  and  stored  on  the  disk  as  it  turns.  A  1-word 
loop  would  be  read  and  stored  each  wordtiae.  For  a  4-word 
loop,  each  word  is  read  and  stored  in  four  wordtiwes,  an 
8-word  loop  is  read  and  stored  in  eight  wopdtises.  A  word¬ 
tiae  is  the  aaount  of  tine  required  to  serially  read  and 
store  the  24  bits  of  a  word.  All  portions  of  cezxnry  described 
here  have  been  included  in  the  sinulation  program. 

4.  Bze  D173  computer  performs  computations  using  the 
binary  number  systes  with  negative  numbers  being  represented 
in  two's  complement  fora  (sign  plus  two's  complement). 

5.  The  instruction  set  for  this  coapater  consists  of 
39  instructions.  The  nneacaic  and  octal  coding  for  each 
ins  traction  is  given  in  Appendix  B.  Also  included  with  the 
instruction  set  is  the  number  of  wardtises  required  for  the 
execution  phase  of  each  instruction. 

6.  The  input  capability  of  the  D173  coapater  includes 
acceptance  of  detector,  discrete,  incremental,  and  character 
inputs.  The  detector  input  sets  the  Da  (detector  reset) 
flipflop  to  "1*  when  a  true  level  is  put  on  the  detector 
input  lime.  Discrete  inputs  are  true:  or  false  levels  on 
the  discrete  input  lines.  Incremental  inputs  are  sampled 
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inputs  that  are  iacrenen  tally  added  to  the  input  buffer 

loops  (V,R).  Character  inputs  are  fire  bit  codes  generated 

^  * 

by  &  teletype  or  tape  reader  and  transferred  to  the  D17B 
on  the  character  input  lines. 

7.  She  outputs  that  can  be  realized  froo  the  D17B 
cossputer  are  binary,  discrete,  single  character,  phase 
register  status,  telesetry,  end  voltage  outputs.  Binary 
outputs  are  cospater  generated  levels  of  +1  or  -1  available 
on  -the  binary  output  lines.  A  discrete  output  is  a  true 
level  which  is  put  on  one  of  28  discrote~output  lines.  Only 
one  discrete  output  line  can  be  at  the  true  level  at  a  tine. 
Single  character  is  a  cczputcr  generated  five  bit  code  of 
the  b  xost  significant  bits  of  the  accusniator  plus  a  parity 
bit.  She  character  output  is  rade  available  on  output  lines 
for  driving  a  teletype,  a  tape  punch,  or  sense  other  character 
coded  output  device.  Phase  register  status  is  the  condition 
of  the  phase  register  flipflops  which  is  available  for  sen- 
itoring  on  output  lines.  Teleaetry  output  is  the  bit  config¬ 
uration  of  registers  or  voltage  signals  available  on  out¬ 
put  lines  for  transcissioa  to  teleaetry  equipment.  Voltage 
output  is  a  computer  generated  analog  voltage  corresponding 
to  portions  of  the  accunulator  contents  which  is  cade  avail¬ 
able  on  output  lines. 

8.  Special  features  of  the  D17B  coarouter  include 
flag  store,  split-uord  arithmetic,  and  einisdzed  access 
tiding.  Flag  store  provides  the  capability  of  storing  the 
present  contents  of  the  accunulator  while  executing  the 
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next  instruction.  Split-word  arithmetic  is  need  in  per¬ 
forming  arithmetic  operations  cm  both  halves  of  a  split 
word  at  the  sane  tine.  A  split  word  on  the  i>173  consists 
of  11  bits.  Kiniaized  access  tining  is  the  placing  of 
ins  tractions  and  data  in  asjocry  so  that  they  are  available 
with  Mininas  delay  fro?  the  disk  memory. 

In  order  to  have  the  D17B  coeputer  simulation  program 
simulate  the  actual  computer  as  closely  as  possible,  all  of 
the  foregoing  characteristics  have  been  included.  As  a 
result  of  this  similarity,  the  s inula tlon  prograa  shows 
promise  for  usefulness  as  a  standard  for  an  operational 
D17B  computer.  By  comparing  the  results  of  a  test  progress 
provided  as  input  to  both  the  hardware  and  software  versions, 
register  and  instruction  execution  malfunctions  in  the 
hardware  version  can  be  detected. 

The  D173  computer  can  be  loaded  with  programs  and  data 
from  punched  tapes.  The  program  and  data  are  punched  onto 
the  tape  by  a  tape  punch  and  a  tape  reader  is  used  to 
enter  this  information  into  the  D17B  computer.  The  simu¬ 
lation  program  is  extremely  helpful  in  the  preparation  of 
these  program  tapes  which  are  to  be  read  into  the  DI7B 
computer.  The  simulation  program  has  the  capability  of 
reading  the  same  punched  tapes  for  input  data  as  ere  used 
in  loading  the  D17B  computer.  The  simulation  program  helps 
in  the  preparation  of  program  tapes  by  detecting  and  loca¬ 
ting  invalid  symbols  punched  on  the  tape  and  by  decoding 
the  program  instructions.  Toe  simulation  program  also  has 
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tiie  capability  to  detect  addresses  (locations  in  memory) 
that  are  out  of  raage  of  the  present  program  being  run* 

These  capabilities  have  shoia  the  D173  computer  simulation 
program  to  be  very  useful. 

Thesis  Outline .  Chapter  II  of  this  thesis  contains  a  des¬ 
cription  of  the  structure  and  organization  of  the  simulation 
program.  She  functions  perfo^ed  by  the  ala  program  and 
subroutines  are  diseased  and.  a  description  of  the  variables 
used  in  writing  the  sinulation  progran  Is  given.  *  Chapter 
III  contains  a  description  of  the  simulation  language 
is  used  as  input  data  for  the  simulation  program.  liethods 
for  creating  programs  to  be  ran  on  the  s  inula  ted  computer 
ars  given  end  a  satbel  for  creating  a  shortened  version  of 
the  stimulation  language  is  presented.  Chapter  IV  contains 
a  listing  of  the  error  statements  provided  by  the  simulation 
program.  Chapter  Y  contains  example  programs  which  have 
been  run  on  ths  simulated  computer.  Several  programs  are 
listed  which  show  the  types  of  output  that  are  available  from 
the  simulation  program.  Chapter  VI  is  the  chap* 

ter  and  contains  recommendations  for  additions  to  the  simu¬ 
lation  program  to  enlarge  its  capabilities. 

Four  appendixes  are  included  with  this  thesis  to 
provide  additional  information  and  clarification  xn  the  D17B 
computer-  simulation  description.  Appendix  A  contains  a 
listing  of  the  simulation  program.  Appsadix  fi  is  a  com¬ 
pilation  of  the  D17B  lr- traction  set  and  a  listing  and 
description  of  the  D17B  loed  codes.  Appendix  C 
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figures,  for- Interpreting  the  sinulation  prograa  output 
results  for  biliary,  discrete,  and  voltage  outputs.  Appendix 
D  supplies  Information  for  using  the  D17B  s  isolation  prograa 
at  A7IT.  Also  included  in  Appendix  D  is  a  condensed  listing 
of  the  s isolation  language. 

The  description  of  the  D173  conputer  simulation  prograa 
presented  in  this  thesis  assumes  the  reader  has  a  basic  know¬ 
ledge  of  the  D173  computer  and  the  procedures  for  progracaing 
it. — Ho  attempt  is  m&e  to  describe  the  D17B  computer  or  to 
describe  D17B  prograani ng  nethods.  For- information  concern¬ 
ing  these  areas,  the  reader  should  refer  to  references  1  and 
*. 

Beferences  4,  5,  7,  end  8  are  the  nain  sources  of 
information  used  in  writing  the  simulation  prograE.  Hef- 
erencc  4  is  a  training  casual  for  the  D17  computer  which 
describes  the  functions  and  operations  of  the  computer. 
Beferenee  5  is  a  collection  of  figures  which  show  pictor- 
lally  the  D17B  functions  and  operations,  deference  7  is 
an  engineering  casual  with  a  function  breakdown  of  the 
logic  equations  and  timing  diagrams  of  the  cooputer 
operations.  Beferenee  8  is  an  Air  Force  Technical  Manual 
containing  all  the  logic  equations  implemented  on  the  D17B 
cooputer. 
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II.  D17B  Ceuraiter  Slaalation  Program 

This  chapter  describes  the  organ! latioB-and  structure 
of  the  D17B  computer  simulation  program.  in  writing  the 
simulation  progran,  the  plan  was  to  simulate  the  actual 
computer  as  closely  as  possible.  This  close  correlation 
between  the  actual  computer  and  the  sicnlation  program 
cakes  it  possible  for  a  user  to  use  both  the  computer  and 
simulation  prograa  using  only  one  set  of  programming  tech* 
niques.  However,  there  are  several  areas  in  the  simulation 
prograa  where  a  quasi-simulation  approach  was  used.  The 
quasi— simulation  approach  uses  the  same  register  inputs 
end  generates  the  save  results,  but  the  methods  of  obtain¬ 
ing  the  results  differ. 

In  preparing  to  -smite  the  sinelaiicn  program,  several 
computer  simulation  languages  were  studied,  the  predominant 
one  being  the  Computer  Design  language  (CDL)  developed  at 
the  University  of  Karyland.  This  language  consists  of 
computer  elements  (register,  meaory,  counters,  etc.)  and 
is  described  in  the  first  five  chapters  of  reference  2. 
Portions  of  the  D173  computer  simulation  program  were  writ¬ 
ten  in  CDL,  but  because  of  the  nonavailability  of  a  CDL 
conpller,  a  transformation  to  the  FCST3AH  language  was  mode. 

The  simulation  prograa  is  written  in  the  FOQTHAK 
Extended  Language  to  be  run  on  the  Intercom  System  ( tele¬ 
type)  of  a  CDC  6600  Computer  system.  Instructions  for  using 
the  simulation  prograa  at  A  FI?  are  contained  in  Appendix  D. 
Appendix  A  is  a  listing  of  the  s  isolation  program. 
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The  D173  computer  has  several  codes  and  addresses 

which  it  decodes  and  uses  in  loading  and  executing  a  program. 

_ •  -  a_  _ ' 

Karnaugh  Maps  ( /eitch  diagrams )  of  the  operation  codes , 
flag  store  codes,  load  codes,  and  channel  addresses  are 
shovm  in  Figs.  1  and  2.  These  codes  and  addresses  appear 
in  the  computer  in  binary  forn.  The  operation  code  is  a 
four  bit  code  used  to  determine  the  instruction  to  be 
executed.  The  flag  store  code  is  a  three  bit  code  which 
determines  where  flag  store  will  take  place.  The  load 
codes  are  five  bit  codes  used  in  loa&i^-4a4;<v~into -'the 
computer.  An  instruction  address  is  a  seven  bit  code 
which  determines  the  sector  location  01  the  next  instruc¬ 


tion.  The  instruction  channel  address  can  only  bo  changed 
by  using  a  transfer  (lib.)  instruction.  A  number  address 
is  a  twelve  bit  code  which  consists  of  a  five  bit  channel 


designation  and  a  seven  bit  sector  location.  Because 
FORTH  A  i  instructions  do  not  operate  on  binary  data,  a  cor¬ 
relation  between  the  operation  code,  flag  store  code,  load 
code,  instruction  address,  and  number  address  of  the  D173 
computer  and  a  number  in  the  FORTRAN  program  had  to  be 
made.  This  relationship  was  made  by  taking  each  code  or 
address  and  changing  the  binary  representation  to  its 
equivalent  decimal  representation.  The  decimal  represent¬ 
ation  was  then  used  as  trie  designation  for  the  code  or 
address  in  the  ‘■•.R'i.VAwI  program.  Included  on  the  diagrams 
in  Figs.  1  and  2  are  the  binary  representation,  the 


quasi-octal  representation,  and  the  PGHTitAH  designation. 
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Pi;?;,  1.  Veitch  Mtx-'cuma  of  operation  Ootlca  and  lipocial 
Instruction:: 
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A  quasi-octal  representation  of  the  codes  and  addresses 

i 

1 

can  be  made  by  the  binary  representation  and  con¬ 

verting  to  octal.  It  is  necessary  to  assume  pseudo-zero 

1  *-  'i  i 

bits  in  specific  locations,  ^he  quasi -octal  represen- 

i  1 

tation  is  discussed  in  the  D17B  Computer  Programming  1 
Manual  (lief  1:3).  The  samo  type  of  correlation  was  aJLso 

*  I 

used  in  designating  a  sector-  location  in  thq  FORTRAN  pro- 

?  j  1 

gram.  Fig.  3  show’s  the  correlation  that1  was  made  between 

the  -F— loop,  /-loop,  li-loop,  E-loop,  H-loop  and  a  spetor 

location.  ,  1  - — JW-.K*- ' 

1  , 

The  concept  used  in  writing  the  simulation  program  was' 
to  have  the  person  using  it  provide  the  same  data  to  the  y 
program  as  he  would  if  he  werb  using  the  actual  computer  • 

i  , 

in  the  laboratory.  The  switches  must  bo  turned  .to  the 

prooer  positions  to  accomplish  loading  and  computing.  The 

.  1  <  ■  . 

data  must  be  error  free  to  successfully  execute  a  program.  1 

1  1 

The  type  of  display  (register  or  memory)  is  specified  by 

the  user.  ’  t  , 

« 

The  D173  computer  simulation  program  consists  of  a 

I  • 

main  program  and  eight  subroutines.  The  Train!  program  is  'a 
compilation  of  three  distinct  sections  each  of  wliich  per- 

i 

forms  a  major  function.  These  three  sections  are  the 

I 

reading  and  translation  section,  the  noncomputo  modo  sec¬ 
tion,  and  the  compute  node  section.  Fi*.  *!•  shows  the  pro- 

•  '  . 

gran  flow  between  those  sections  of  the  main  program  and 
the  subroutines,  ,  ’  . 

The  organization  and  structure  of  .each  of  the, sections 
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of  the  gain  program  will  he  discussed  along  with  the  func¬ 
tions  performed  by  each  of  the  subroutines.  The^  variables 
used  in  creating  the  simulation  prograa  are  also  listed  with 
a  short  description  of  how  each  is  used. 

Beading  and  Translation  Section.  The  reading  and  trans¬ 
lation  section  is  the  translator  and  interpreter  portion 
of  the  simulation  prograa.  All  input  data  is  read,  inter¬ 
preted,  and  translated  in  this  portion  of  the  main  program. 

A  transfer  of  operation  to  the  noncorrpnte  node  cr  one  of 
the  subroutines  is  cade  to  utilize  this  data.  The  pro¬ 
graming  language  accepted  as  valid  data  by  the  sirmlation 
prograa  is  described  in  detail  in  chapter  III  of  this 
thesis  and  will  not  be  discussed  la  the  following  descrip¬ 
tion  of  the  reading  end  translation  section. 

The  reading  end  translation  section  is  physically 
located  at  the  beginning  of  the  simulation  prograa.  When 
the  simulation  prograa  Is  leaded  for  execution,  execution 
begins  at  the  start  of  this  section.  The  first  output 
produced  by  this  section  is  a  heading  containing  the 
nsae  of  the  simulation  prograa,  the  date,  and  the  time 
at  the  beginning  of  execution.  The  remainder  of  the  read¬ 
ing  and  translation  section  is  responsible  for  the  reading, 
interpreting,  and  translating  of  input  data.  Input  data 
is  read  as  alphabetic  or  numeric  characters  (hollerith). 

This  data  is  then  interpreted  as  octal  or  binary  data,  a 
load  code,  a  switch  designation  (setting),  or  a  miscellaneous 
input  or  oosrand.  The  miscellaneous  inputs  or  ccsztnds  are 
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responsible  for  a  variety  of  functions  idiich  include  the 

following:  register  and  iseaory  display,  discrete  data, 

- -  ' 

increnental  data,  setting  of  flipflops,  and  node  tracing. 

If  data  is  interpreted  as  octal  data,  binary  data,  or 
a  load  code,  a  translation  is  cade  froa  she  holler!  ch 
representation  tc  binary  integer  date  consisting  of  1  *s 
and  0,s.  This  binary  integer  date  is  then  supplied  to  the 
no&conpute  node  of  tbs  simulation  progress  where  it  is 
utilized.  A  switch  designation  results  in  a  switch  variable 
being  loaded  with  the  designation.  wieceHaneous'  input  or 
cosaand  data  results  in  either  the  storing  of  input  date  or 
the  flagging  (setting  to  1  or  0}  of  variables  which  control 
progress  flow. 

Flew  charts  flowing  the  organisation  and  structure  of 
the  reading  ana  translation  section  are  shown  in  Figs.  5 
thru  7.  Fig.  5  shows  the  interaction  and  interpretative 
capability  of  the  sinulation  progress.  Figs.  6  and  7  are 
extensions  of  the  flowchart  s’iora  in  Fig.  5  sss  shew  the 
results  of  interpretation  of  switch  designations  and  inter¬ 
pretation  of  miscellaneous  inputs  ana  operands. 

I;oni-CcnTie;tg  fcic  .-action.  This  section  of  the  sinulation 
progress  s  inula  tes  the  ncnconoute  code  of  the  DI7B  computer. 
The  noacospute  code  can  be  divided  into  two  categories  each 
performing  a  ra jor  functior.  These  two  categories  are  nan~ 
coapute  load  and  conconpute  nonload.  The  noncoapute  nonload 
function  conprisee  the  following  nodes:  "prejvire  to  operate 
"sync  bit  counter  lr,  "sync  bit  counter  2*,  *nar?ual  halt". 
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and  >prograa  halt".  In  the  prepare-to-operate  node.  Bade 
control  flipflops  are  Initialized,  ihjring  sync  bit  counter 
1  and  2  Bodes,  a  synchronizing  between  the  clock  track  bit 
counter  and  the  bits  of  a  word  is  L~,ade.  The  ennral  halt 
■ode  is  used  for  idling,  preparing  to  lead,  and  preparing  to 
coxpute.  The  progress  halt  node  is  entered  by  execution 
of  a  progran  halt  instruction.  The  r-oncoepute  load  function 
is  nade  up  of  the  following  sodes:  'wait',  'prepare  to 
sanple",  "sample  code*,  'parity  check',  and  "process  code". 
The  wait  code  is  used  for  idling  whilc-asai-tisg-  for  input 
data.  The  prepare  to  sasple  code  is  entered  when  data  is 
detected  cn  the  input  lines.  In  the  staple  code  code  the 
input  data  is  read.  The  parity  check  cade  is  used  for 
checking  the  input  data  for  odd  jaritj*.  In  the  process  cede 
node  the  input  data  is  decoded  eri  processed  according  to 
the  deciphered,  code. 

Pig.  8  Is  a  flowchart  of  the  noncempjtc  Bode  which 
shows  the  program  flow  between  these  nodes.  This  flowchart 
was  used  In  writing  this  part  cf  the  simulation  program. 

Pig.  8  is  drawn  as  a  veitch  dlagran  with  the  jsode  control 
flipflop  states  as  the  rror’aan  varlable>.  an  ail  in 
tracing  through  the  noncenpute  mode  section  of  the  sirrrlation 
progran,  tire  so de  control  flipflops  have  been  incited  as 
cormejtt  cards.  The  y-sodc  control  fiipf’ops  are  listed  as 
being  set  to  rl*  or  s0".  In  the  D??3  computer  these 
flipflops  were  actually  set,  however,  they  were  not  needed 
in  the  simulation  ovwsuse  of  the  sequential  flew 
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that  occurs  in  a  FCffsaAH  pro gran.  Two  additional  figures. 
Figs.  9  and  10  have  been  included  which  give  a  further 

_  ,  .  -«C  - 

**" "  4»  -  — 

breakdown  of  the  prograa  flow  in  the  “ssnual  halt"  aode 
of  nonconpute  nonload  and  in  the  "process  code*  code  of 
noncoapute  load. 

Connate  Kcde  Section,  T'cic  section  of  the  sinalation 
ptfegran  simulates  the  coaputs  aode  of  the  U173  ooecuter. 

The  coapute  code  consists  of  Ecies  which  perforss  five 
aajor  functions :  * number  search*,  *nusser  read*, 

"instruction  search",  "instruction  reed*,  sxJ  "execute". 

The  meaner  search,  nuaiber  reed,  instruction  sealer.,  and 
instruction  read  codes  are  equivalent  to  the  fetch  cycle 
associated  with  other  computers.  Hie  execute  aode  is  equiv 
alent  to  the  execute  cycle.  .%isber  search  and  iastracUoa 
search  locate  the  data  word  in  2=5017  while  number  read 
and  instruction  read  unload  the  locates  word  froa  aeaory 
into  a  register.  Execute  results  in  the  execution  of  one 
of  the  39  instructions  in  the  instruction  set  of  the  Dl?o 
computer.  The  compute  cods  section  of  the  simulation  pro- 
graa  was  written  using  the  above  functions,  k  flowchart 
which  shows  tae  prograa  flow  in  the  cospate  code  section 
is  given  in  Fig.  11. 

Subroutines .  The  subroutines  associated  with  the  D17? 
computer  simulation  prograa  were  rsde  for  vhree  purposes: 

1.  Those  functions  vrhioh  were  needed  several  tines 
throat  the  program  were  created  as  subroutines. 
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Subroutines  falling  into  this  category  are  Subroutine  LOAD, 
Subroutine  UNLOAD,  and  Subroutine  Dio  PM  Y.  * 

2.  Those  functions  which  are  only  called  fron  one 
place  in  the  sain  prograa,  but  which  are  of  such  iaportance 
and  Esagnitude  that  a  separate  location  is  beneficial  in  the 

organisation  of  the  simulation  program. :  Subroutines  in  this 

-  .  •  : 

category  are  Subroutine  STOSS,  Subroutine  FLAGSTO,  and  i 

* 

Subroutine  KJH'jHY. 


— 3.  Those  functions  which  will  not  be  used  very  fre¬ 
quently.  Therefore  they  could  be  removec-i^eat- the  s  inula tion 

I  ’ 

program  if  it  was  determined  that  they  *?era  not  really  needed 

This  weald  result  in  a  decreased  rseraory  core  size  needed  fbr 

*  •• 

execution  of  the  simulation  program.  However,  to  be  able 
to  utilize  all  the  instruction  set  of  the  I>i73  computer  and 

I 

all  the  channel  designations  these  functions  had  to  remain 
as  a  part  of  the  simulation  pregraa.  Subroutines  in  this 
category  ere  Subroutine  DISvSLST  and  Subroutine  liiC2LK3. 

A  description  of  the  function  performed  'ey  each  of  the  : 

subroutine?  Vi  12  be  given.  The  order  of  explanation  is  the 

* 

order  of  appearance  on  the  program  listing  located' in 
Appendix  A. 

s  I 

i 

* 

Subroutine  •>?-!:..  This  subroutine  perfonas  the  store 

!  .  i 

Vote?)  instate  tier,  which  stores  the  contents  of  tee  acc- 

•  • 

usulstor  in  the  pssiory  address  given  in  1-its  12  thru '  1  of 

the  instruction  register.  A  normal  l&adir<~  of  salary  ib 

; 

performed  for  r.ll  chsm-el  designations  except-  the  single 
word  channels  (A,1,L,U),  channel  7^  r.  /-loop) ,  and  channel 
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72  (H-loop) .  The  stor^  instruction  cannot  store  in  single 
word  loops.  Storage  in  channels.  70  and  72  provides  the 
D17B  with  real  tire  control.  Storage  in  channel  70  results 

I  *  *•  * 

in  a  whole  word  addition  of  the  accumulator  contents  to 

t 

the  addressed  word  of  the:  --loop  if  the  fine  coiaitdown 
flipflop  (?C)  -is  'O’  set.  If  F0  is  "1“  set,  a  normal  store 

i  -  i 

takes  place.  Storage  in  channel  72  results  in  a  -olio  word 
f  * 

addition  of  the  accumulator  contents  to  the  addressed  word 
of  the  H-loop  if  FC  is  f  0*  set-.  If  PC  is  ”1*  set  no  store 
is  allowed.*  This  subroutine  can  detect- erroneous  switch 
settings  which  terminate  the  run  upon  return  to  the  main 

:  i 

prograa.  -  .  • 

•  i 

'  .Subroutine  Jr  V).  This  subroutine  provides  the  function 

of  loading  the  contents  of  the  'accumulator  into  addressed 

jnevjory  locations,  iris  areas  of*  aenory;  that  can  be  loaded 
« 

by  the  subroutine  are:  20  cold-storage  memory  channels 
(channels  00  thru  4*3),  the  hot-storage  memory  channel  (chan¬ 
nel  50),  channel  52  (---loop),  channel  54  (H-loop),  channel 
56  (K-loop),  and  channel  60  (U-loop).  This  subroutine  can 

1 

also  detect  erroneous  switch  settings  which  will  terminate 
the  program  run,  .4  call  is  made  to  this  subroutine  from 
both  the  noncomute  rode  section  and  the  coroute  mode  section 

1  T  ' 

of  the  sain  program. * 


gubroi*fcine  lv!?."AD.  This  subroutine  performs  the  func- 
•  : 

tion  of  united  in;:  an*  adasressed  word  of  sorory  into  the 
H-register.  The  information  unloaded  it  then  used  either 
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as  an  instruction  or  an  operand  number.  This  subroutine 

can  unload  data  from  all  addressable  memory  channels.  Data 

-  -  , — - 

unloaded  from  channels  7C  and  72  is  incremental  data  used 
for  real  time  control.  If  the  channel  designation  is 
either  70  (V-loop)  or  72  (2-loop),  one  of  tv:o  possible  actions 
can  take  place.  Per  the  r-loop,  if  VK  f incremental  input 
flipflop;  is  "0“  set  then  normal  unloading  occurs,  however, 
if  VK  is  *1*  set  then  the  one's  complement  of  the  V-loop 
is  Unloaded.  The  same  conditions  apply  to  the  E-loop  and 
the  settings  of  2H  (incremental  input-fli^/lop};  '  This  sub¬ 
routine  can  detect  out  of  range  conditions  for  the  cold- 
storage  and  hot-storage  irenory  channels. 

Subroutine  I-itl'-P').  This  subroutine  performs  the  func¬ 
tion  of  deciphering  flag  store  location  bits  (bits  17,  IS,  19) 
of  the  instruction  register  and  storing  the  contents  of  the 
accumulator  in  the  deciphered  channel  at  the  sector  address 
associated  with  the  execution  of  the  present  instruction. 

The  flag  store  codes  provide  for  storing  in  the  following 
channels:  hot-storage  memory  channel  (channel  50),  channel 
52  (P-loop),  channel  5^  (E-loor.),  channel  56  (E-loop) , 
channel  60  ("-loop}.  c.nd  channel  6!*  (L-r-e gister).  The 
•essaining  t*:o  flag  store  possibilities  are  flag  store 
telemetry  signal  and  flag  store  idle. 

Subroutine  hll-HEY.  Subroutine  DIoPDlY  provides  the 
simulation  program  with  the  capability  of  displaying  the 
binary  contents  of  all  registers  and  loops.  This  subroutine 
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has  two  entry  points,  EIITBY  REG1  and  EiiTHY  EEG2.  Entry  point 
HESl  is  called  from  the  reading  and  translation 'section  of 


tiie  main  program  and  performs  the  function  of  interpreting 
the  arguments  given  with  the  register  command.  An  argument 
consists  of  a  register  designation  enclosed  in  parenthesis 
innsediately  following  a  register  contend.  If  a  valid  arg¬ 
ument  exists,  the  variable  Eegistr  is  set  to  cue.  Hegis tr 
being  one  set  allows  the  tain  program  to  denote  a  register 
or  loop  to  be  displayed.-  A  call  to  entry  point  BEG2  is  then 
isada  to  determine  if  the  contents  of  that— register^  or  loon 
should  be  displayed.  Entry  point  SEC-2  checks  to  see  if  the 
register  or  loop  was  specified  in  the  register  command  arg¬ 
ument,  if  not  a  return  is  made  to  the  main  program.  If  it 
was  specified  than  its  contents  will  be  displayed  as  output. 

dubrortire  EYl'CrlY.  This  subroutine  provides  the  cap¬ 
ability  of  displaying  the  contents  of  memory  (channels  00 
thru  50)  whenever  the  r  emery  command  is  specified.  Upon 
entry  into  this  subroutine  a  check  is  made  of  the  memory 
command  argument  to  determine  ii  the  display  should  be  in 
octal  or  binary.  memory  command  argument  consists  of 
either  BIKAHI  or  OCTAL  being  enclosed  in  parenthesis  immed¬ 


iately  following  a  memory  cosaand.  If  no  argument  ws 
specified,  the  default  condition  of  OCTAL  is  used.  In 
displaying  the  contents  of  neaory,  only  those  portions  of 
memory  tiiat  have  been  written  into  since  ssoory  was  last 
initialised  Kill  be  shown  in  the  output  listing,  iiesory  is 
initialized  by  writing  tc-ii  decimal  9* 3  into  each  word  of 
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memory.  This  condition  is  then  chocked  to  de-teraine  if  the 

contents  have  changed,  end  if  they  have,  the  contents  of  that 

-  -  — 

location  are  printed  as  output. 


Subroutine  D7.SCR3T.  This  suhroutine  provides  the  cap¬ 
ability  of  entering  discrete  data  and  storing  it  for  use 
in  a  program  using  the  discrete  input  instructions  (DIA  or 
DIB).  Subroutine  DISCSSiT.  has  two  entry  points,  ESTR'i  DISX 
and  S11T3T  DUx.  Sntry  point  DISX  is  called  to  interpret 
and  translate  X— discrete  inputs  and  -store  thea  for  use 
during  a  progras  ru::.  IS  hits  sake  up  each  X -discrete 
input.  A  saxicua  of  ten  X -discrete  input  requests  is  allowed, 
because  the  storage  area  data  array  in  the  K03T3AK  program 
is  dieensioned  for  10. 


r-ntry  point  DIXY 


called  to  interpret  and  trans¬ 


late  X-di: Crete  inputs  end  st*rc. 


Xach  X-discrete  input 


consists  of  2*i-  oils.  A  icaximm  of  ten  Y— discrete  input 
requests  is  allowed,  bocai;se  the  storage  area  data  array 


in  the  FCfiTrl-.X  prog ran  is  dimensioned  for  10. 


3ubron tins  l-'CAZr.Z.  This  subroutine  provides  the  cap¬ 
ability  for  entering  incremental  data  into  the  four  nerds 
of  the  V— loop  c-r  the  fovr  words  of  the  li-loop.  Subroutine 
IHGaSMS  has  tiro  entry  points,  KHTZx  1UC3  and  ZiTRT  I3CV*. 
ijtry  point  IXCH  is  called  to  interpret  ai*d  translate 
2 -incremental  inputs  rr.d  store  in  n-Ioop.  Bach  i:-incre- 
asntal  input  is  isde  up  of  24  bits.  Four  d-incrc2ental 
input  requests  Pill  the-  h-Ios-p  entering  another  request 
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causes  *jord  0  of  the  B-loop  to  be  loaded  with  the  new  data. 
Additional  inputs  fill  word  1,  word  2,  and  word  3  with  new 
data.  Ibis  sequence  can  continue  indefinitely. 

Entry  I1I07  is  called  to  interpret  and  translate  V-ino- 
renental  inputs  and  store  in  V-loop.  Each  V-inerenental 
input  request  is  composed  of  24  bits.  Four  Y-increnental 
input  requests  fill  the  four  words  of  the  V-loop  and 
additional  input  requests  cycle  through  the  four  words 
again  filling  then  with  new  data  siailar  to  the  B-loop. 

Stimulation  Frosrsn  Variables.  Shis  section  contains  a 
compilation  end  description  of  the  variables  used  in  the 
D17B  ccnputsr  simulation  program,  A  complete  alphabetical 
listing  is  cede  of  the  variables  with  descriptions  of  their 
sain  uses  within  the  progras.  Several  of  the  variables  have 
been  used  for  core  than  caae  function.  They  are  described 
as  having  no  i nalu  usage.  For  these  particular  variables 
and  several  others,  the  reader  should  refer  to  the  computer 
printout  and  note  the  use  mde  of  thest  in  each  instance 
they  have  been  used.  The  variables  that  are  in  this  category 
are  discussed  at  the  end  of  this  section. 

Each  of  the  variables  in  the  simulation  program  are 
integer  variables  or  have  been  declared  as  such  in  an 
mTZGEa  state  sent,  except  the  variables  “Volts*  end 
•Voltage*  which  are  real  variables. 

The  listing  and  description  of  the  variables  is  as 
follow?.: 

A (24)  -  Accumulator,  consists  of  24  bits. 
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AK 

-  Carry,  borrow  flipflop. 

BIHASY 

-  5inary=C  represents  octal  designation. 
3inary=l  represents  biESry'designation. 

C(5) 

-  •.-psraad  channel  register,  consists  of  5 
flip-flops . 

CB(5) 

-  Operand  channel  buffer  register,  consists 
of  5  flipflops,  copies  the  5  least  sig¬ 
nificant  bits  of  instruction  register, 
for  '2'  special  instructions. 

CHAK 

-  Contains  PCS&ihll  channel  designation. 

CCDS 

-  Used  rsinly  for  "FC 3Sgft3  operation  code 
designation. 

CCE22:-(24,2) 

-  Coaacn  registers  used  for  storage  and 
manipulation  of  information  in  program. 

C?(5) 

-  Instruction  channel  register,  consists 
of  5  flipflops. 

1>(5) 

-  Discrete  output  register,  consists  of 

5  flipflops. 

UD 

-  Discrete  switch. 

DI-iPLAY 

-  Set  to  c?e  *.fhen  output  will  be  disposes 
to  high  speed  printer;  set  to  riir  other¬ 
wise. 

?>2 

-  Detector  reset  flipflop. 

E{8) 

-  E-loop,  consists  of  3  words. 

EJ 

-  Cold-storage  memory  write  switch. 

?(*) 

-  F-loop,  consists  of  *•  words. 

i  vr 

-  Pi?:e  countdown  flipflop. 

r 

—  Initiate  loading  s-fitch. 

y~^OT  -  store  rector  designator. 

I*.:-o2J  -  -at  in  aarr.vel  halt  code  to  r~-  or  i. 
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snitches  to  annual  halt  aode. 


G(3) 

Binary  output  re  rioter,  consists  of 

3  flipf lope .  "  - - 

H(16) 

- 

H-loop,  consists  of  16  words.'  " 

HAL? 

— 

Bata  word  containing  hollerith 
characters  'K.4I3*. 

HCCDZ(S) 

- 

Data  array  which  contains  hsxidecisal 
code  for  nuabers  8  thru  15. 

1(24) 

- 

Instruction  register,  consists  of 

24  flipf lops. 

ICHAK 

— 

Ccn tains  calciJLated  designation 

fov*  instruction  channel. 

IH 

- 

Kecnanical  input  switch. 

IHoIG 

- 

Set  in  rsnual  halt  aodc  to  flag  IK 
switch  to  sasisl  halt  code. 

1332 

Set  to  designate  ceaory  data  to  be 
unleaded  into  instruction  register 
rather  than  rusher  register. 

JLoJ&viT 

— 

Contains  calculated  FviSiei  designation 
for  instruction  sector. 

I?(5) 

Input  trsr-snission  lines,  contains  the 

4  hits  of  information  and  a  parity  hit 
which  take  up  the  input  data  for  octal 
and  load  cedes. 

r 

- 

Ccnpute  sole  switch,  three-position 
switch  (Hun,  Halt,  Single). 

KKKt 

Set  to  1  by  an  HF3  insructicn,  used  in 
prograa  control  after  an  Ufa  instruction 
has  been  executed. 

£513 

— 

Set  to  1  by  an  K?H  instruction,  used  to 

flag  switch  to  prcgran  halt  rssde. 
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KSIIsG 

L(24) 

LIoT 

Lisn 


S( 123,21) 


KK(8) 


iV/iil 


lui 

£*24) 

iiSL.ii:" 


HCHA-i 


i*r*  t 
.-Jj 


KCGIXi 


«*•  ii*«U 


-  Set  to  1  in  rBTsual  halt  node  to  flag  K 
switch  or  ?  signal  to  ireraual  halt  node. 

-  Lower  accumulator,  Consists*of  24  bits. 

-  Contains  number  of  executions  specified, 
has  a  default  of  50. 

-  Counts  the  meber  of  executions  in 
CGspy.te  soda  and  cospares  with  the 
nvsber  specified. 

-  r.eaory  storage  array,  consists  of  2688 
words  vrhich  includes  cold-storage  and 
hot-storage  aenory. 

-  Data  array  with  ASCXI-code  designation 
for  load  codes. 

-  det  to  i  when  input  is  to  be  in  ASCII- 
•code;  set  to  2  when  n-SCIJ-code  is  to  be 
read  fro c*  vape2;  set  to  3  when  AiCII- 
coic  is  to  be  read  fro:a  *?ape3;  reset 

to  0  at  end  of  CII-c-ocLe. 

-  raster  reset  switch,  (Eoaentary  on  type). 

-  I runber  register,  consists  of  24  bits. 

-Data  word  containing  hollerith 
character  *  ' . 

-  Contains  calculated  ¥*ZTrJdl  designation 
for  operand  channel. 

-  Counts  input  data  columns ,  reset  to  0 
at  count  of  73. 

-  Data  word  containing  fcolleri  tl* 
character  '  ,T. 

-  Set  to  1  in  a  c-.-bprcgrac:  when  fatal  error 
has  been  encountered,  terminates  run 
upon  return  to  v^in  progmn. 


3* 


GE/EB/72-7 


HIKES 

KLIST 

KLPA22-! 

USED {10} 


KHPA  32J 

HSECT 

Hurl 

Iiii«27) 

KdOHI>(?2} 

0(4) 


f(3) 


-  Data  word  containing  9999999999,  used  to 

initialize  neaory  and  detect  out  of 
range  conditions.  -  -  ' 

-  Data  array  containing  deciraal-:  integers 
C  thru  9,  used  in  detecting  valid 
argument  in  execute  coranand. 

-  Data  word  containing  holler! th 
character  p(  =  . 

-  Data  crray  containing  holler! th 

characters  of  the  registers  and  loops, 
used  in  displaying  the  contents  of  loops 
and  registers.  _ _ — ' 

-  Data  word  containing  hollerith 
character  )*. 

-  Contains  calculated  F02I3AK  designation 
for  operand  sector. 

-  Used  in  several  different  applications 
triroughcut  pro  gran. 

-  Data  array  used  nainly  for  interpreting 
data,  switch  settings,  and  connsnds. 

-  An  array  used  to  store  72  characters 

of  input  data  which  are  to  he  interpreted 

-  Operation-code  storage  register,  consists 
of  4  ilipflcps. 

-  Data  word  containing  holler ith 
characters  "OFF*. 

-  Data  word  containing  hollerith 
characters  *CA*. 

-  Data  v;ord  containing  octal  one. 

-  rjjar-e  register,  consists  of  3  flip-flops. 

-  iscu  3n  several  different  anolic-aiioao 
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PS 

a(4) 

H£G(10) 


liSGIST 


21 


2X21 

33(3) 


c 


signal 


SIIK5IS 

T 

THA3 


7313 


through  program. 

-  Power  on/off  switch. 

-  3-loop,  incremental  input  loop 
consisting  of  4  words. 

-  Array  which  is  set  toy  register  cozassnd 
to  display  those  registers  and  loops 
given  as  arguments. 

-  Variable  which  contains  the  code  of  the 
register  or  loop  that  has  just  changed 
information. 

-  Counts  number  of  incremental  inpats  to 
H-loop,  reset  to  1  at  count  of  5. 

-  H-loop  incremental  flipilop,  can  be  set 
to  1  or  0  by  program  input. 

-  Data  word  containing  hollerith 
characters  r3U 3:e. 

-  flag  coda  buffer  register,  consists  of 
3  flipflcps,  used  in  calculating  loca¬ 
tion  to  which  flags tore  will  take  place. 

-  used  rainly  to  contain  FGHT2AK  sector 
designation. 

-  /sriabJe  set  oy  signal  command,  if  set 
to  1,  nodes  of  operation  will  be  traced. 

-  Data  word  containing  hollerith 
characters  ■3I!IC*13=. 

-  Timing  signal,  (momentary  on). 

-  Set  to  1  by  72A  instruction,  used  in 
controlling  program  operation  after  a 
T3A  instruction  has  been  executed. 

-  Jet  to  1  in  ..'ait  r -ode,  used  to  flag 
7  signal  to  wait  node. 
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U 


V(4) 


VI 


*»■* 

VU 


70(8) 


—VC LTAGZ 


VOLTS 


VTI  IS 


Ml?,  10) 


XI 


XI 


X(24,10) 

XI 

XI 


-  U-loop,  consists  of  1  word. 

-  7-loop,  incremental  input  loop  which 
consists  of  4  words.' 

-  Counts  number  of  incremental  inputs  to 
7-loop,  reset  to  1  at  count  of  5* 

-  V  —loop  incremental  flipflop,  can  be  set 
to  1  or  C  by  program  input. 

-  Voltage  output  register,  consists  of 
8  flipflops. 

-  Variable  used  in  calculating  analog 
voltage  dcsi gna ted  by  contents,  of  - 
voltage  output  register. 

-  Data  array  which  contains  numbers  used 
in  calculating  voltage  output. 

-  -triable  which  is  set  to  the  number  of 
word  tines  required  for  execution  cf 
each  instruction. 

-  Array  which  stores  X -discrete  input  data 
to  be  used  in  proaraa  rue. 

-  Counts  number  of  X-discrote  inputs, 
Eszimta  of  10  is  allowed. 

-  Counts  number  of  X-discrete  inputs  used 
in  pi'og ran,  when  greater  then  XI  it 
assumes  value  of  XI. 

-  Array  ulach  stores  X-discrete  input  data 
to  be  used  in  program  run. 

-  Counts  number  of  X-discrete  inputs, 
naaiaun  of  10  is  allowed. 

-  Counts  number,  of  X-discrete  inputs  used, 
in  program,  when  greater  than  XI  it 
ass vmas  value  of  XI. 
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f-  . 


ZE30  -  Beta  word  containing  octal  zero. 

The  uajor  portion  of  the  variables  include*!  in  this 
listing  have  the  saae  nans  as  used  in  the  D173cosputer 
literature.  ?or  comparison  purposes,  ths  reader  is  referred 
to  the  documents  pertaining  to  the  Ol?3  computer  listed  in 
the  Olblicgrethy.  (3ef  6:110-11^) 

The  following  variables,  seme  of  ldilch  appear  in  the 
above  listing,  have  bean  used  iu  several  different  appli¬ 
cations  in  tha  simulation  program:  -  "Code" ,  *Coerreg"  , 

*Ku*»,  "Fnase*,  -Sect*,  •Voltega*,  *11*,  *12*,  *13* ,  "IV, 
■*15*,  and  rI6",  Ihess  variables  have  been  pointed  out 
for  those  interested  in  modifying  the  simulation  program 
or  for  those  interested  in  implementing  the  slnulatioa 
program  on  a  different  cosf-iter  systea. 

A  description  of  the  organ! zation  aid  structure  of  the 
D17B  ««K.pctsr  stsdalion  crcgras  ius  been  given  in  this 
chapter.  The  lurct  area  to  be  covered  is  the  simulation 
language  accepted  by  the  simulation  program. 


GE/EE/72-? 


III. 


This  chapter  describes  the  siisnlaUon'-bco®^  under¬ 
stood  accepted  by  the  Di73  computer  simulation  prograa. 
Pie  s  isolation  is  the  input  jata  to  the  sisul^u?! 

program.  Methods  for  progr^E:ir:~  the  simulated  ccspctsd  ar* 
discussed  along  "with  a  sethnd  for  create  a  shortened 
▼erCJcn  of  the  simulation  Icr- —  Srrcr  detection  cap¬ 

abilities  of  She  sisolatico:  program  are  presented  in  chapter 
IV.  Chapter  V  will  present  seme  examples  of  ppeyeas  that 
have  been  run  a\ce*g:  vath  the  tj-pos  of  output  that  are  avail¬ 
able. 

For  purposes  of  presentation,  the  simulation  progran 
language  is  divided  into  the  follcsring  categories:  numbers 
and  load  coder,  ssi.tchcr,  end  miscellaneous  inputs  and 
coosauds.  A  description  c-f  the  elements  of  Sie  simulation 
language  in  each  of  these  categories  will  be  given  along  with 
guidelines  for  using  each. 

Kvgbsrs  end  Xo~-d  Coder.  The  number  system  end  load  codes 
Gcceptei  by  tss  sipalatiod  program  are: 

Octal  acibers  -  0,  1,  2,  3,  **»  5»  6,  7 

Binary  numbers  -  0,  1 

Load  Codes  -  HALT,  LOCATION,  FILL,  VEEIFX,  CCSPiKS, 
E1.T13,  CL142,  DIIISiH  (A  description  of 
the  Load  Codas  is  given  in  Appendix  i>) 

Three  different  representations  of  the  numbers  and  load 
codes  can  be  specified.  By  specifying  OCTAL,  BIHABX,  or 
KKAU ,  an  octal  representation,  a  biliary  representation,  or 
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an  ASCII  representation  of  the  numbers  and  load  codes  can 

i 

be  used.  The  representation  of  the  numbers  pnc^load  codes 

in  the  three  specifications  are  as  follows: 

i  '  .  * 

Octal  Binary  ASCII 

derresentatio:  H->rresentation  Hecresentation 

Huafcers  -  C 

10000  * 

0 

1 

00001 

1 

2 

5  00010  : 

-z 

3 

10CU 

: 

.  3 

4 

:  0GL60— 

?  "  '  1 

5 

10101 

5 

6 

:  10110 

:  !  6 

7 

com 

i 

7 

Lead  Codes  -  HALT 

01000 

8 

LOCvTICH 

11001 

9 

FILL 

5  iicio 

Z 

oioii 

r 

• 

!  * 

COMPUTE  ! 

moo 

< 

EIME3 

01101= 

:  = 

CLSAH 

011:10 

A  • 

DELETE 

11m 

f 

?. 

When  OCTAL  is  specified  numbers  and  load  cades  must  b“ 

In  toe  octal  representation. 

When  BIIIAEI  is  specified  bus- 

bers  and  load  codes  ausfc  be  in  the  binary  representation. 

When  Vui\ U  is  specified  numbers  and  load  codes  oust  be  in  the  - 
ASCII  rnpresen tition.  Pr-.-^raa  tapes  to  be  run-  on  the  I>173 
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:coraputer  are  in  the  ASCII  representation.  The  default 
specification  Is  OCTAL. 

-  - _ ' 

To  terminate  an  octal  ordinary  representation,  all 
that  is  Required  is  to  spebify  another  representation.  To 
terainafc-2  an  ASCII  representation  requires  that  the  letter 

t 

*K"  be  supplied  after  the  last  ASCII  input  syabol.  Doing 
this  will  cause  the  program  to  revert  to  the  octal  repre- 

s 

sentatien  or  binary  representation  which  it  had  before  MHAii 
was -specified.  s 

The  default  specification  is  assvse&~i£-anr- error  results 
in :  program  terrlnation,  sif  the  poser  snitch  is  turned  off, 
or  if  RSIIlITIALIZATlOli  is  specified. 

z  ~ 

Switches.  With  the  sii relation  language  In  this  category  it 
is* possible? to  specify  Witches  and  designate  a  setting  or 
code.  The  slnujation  program  accepts  these  switch  desig¬ 
nations  and  provides  -’this  iiaf omktion  to  program  variables 
associated  with  the  switches.. 

,  Tile  fora  for  specifying  switches  is  as  follows: 

Switch  (Arg) 

? 

where  Switch  is  the  designated  svritch  menonic  naoe,  and  Arg 
is  the  switch  setting  or  code  position1  of  the  switch. 

The  switches  and  allowed  settings  are  as  follows: 


Switch  -;ar*e 


Tining  Signal 
lower  Oa/vff  Switch 


Switch  nneconic  h  Settings 

t(g:0 

fd(0:2),  PR( OF?) 


Initiate  Loading  Switch  >S(0  U) 
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V 


( 

■v- 


Raster  Beset  Switch  K3(0N) 

Cold-Storage  Write  Switch  BW(GH>,  2W'(0FFT^ 

Discrete  Switch  DD(Otf),  DD(OFF) 

Hechanical  Input  Switch  i::(cn) 

Conpute  node  Switch  K(HALT) r  K(SIMGLS),  K(fiUS) 

Tining  Signal.  The  t icing  signal  is  produced  auto¬ 
matically  for  the  octal  ana  ASCII  representations*  There¬ 
fore  T(  GH )  need  be  used  only  after  each  binary  representation 
of  a  number  or  lead  code.  The  tiiaing  signal  is  turned  off 
by  the  program. 

Power  On/Off  Switch.  The  power  switch  oust  be  turned 
on  after  each  loading  of  the  binary  deck,  end  this  must 
be  cone  before  the  rczstzr  reset  switch  is  turned  on  tc  pre¬ 
vent  an  abnormal  program  termination.  Cnee  the  power  switch 
is  turned  on,  it  rerains  on  until  it  is  turned  off  or  the 
program  is  halted  and  e2id>  OF  P3CGBAK*  is  printed.  The 
default  condition  for  the  power  switch  is  C?F. 

Initiate  Loading  Switch.  This  switch  is  turned  on  to 
initiate  loading  and  puts  the  simulation  progran  in  the 
wait  node  of  nonconpute.  It  is  a  nosentary  on  type  switch 
and  is  turned  off  by  the  program. 

CoI&-Sf.om-e  Ur  its  Switch.  The  cold-storage  write 
switch  is  an  on/off  type  switch  that  allows  writing  on  the 
cold-storage  channels  (channels  00  thru  46)  of  oeoory  when 
turned  on.  When  the  switch  is  off,  no  writing  is  allowed 
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and  any  atteapt  to  write  will  cause  an  abnormal  program 
termination.  Cnee  S»(GK)  has  been  specified  this  condition 
will  rsisain  until  it  is  turned  off  or  until  the  program  is 
halted  and  aS:lD  OF  PdCCiJAH*  is  printed.  The  default  con¬ 
dition  for  the  cold-storage  write  switch  is  CF?. 


Has  ter  Asset  Switch.  The  rnaster  reset  switch  is  turned 
on  to  initialise  certain,  fl  Z.O*  Xou*>  |  spiCau?onxz$  bkiC  tit 
counter  and  sector  track,  load  the  ins timet ion  register  with 
a  transfer  (TT:A)  instruction  to  channel  00,  sector  000,  and 
put  the  simulated  computer  into  the  manual  halt  Bode  of 
nonccaputs.  The  raster  reset  switch  is  a  momentary  on  type 


switch  and  is  turned  off 

Discrete  J~.:itch.  V 
type  switch  that  ailc.;s 
( channel  50)  of  ne-mory  a 


“  by  the  program. 

ho  discrete  switch  is  an  011/off 
'.writing  on  the  hot-storage  channel 
nd  allows  discrete  outputs  when 


turned  on.  ".Then  this  switch  is  off  no  zoriting  is  allowed 
on  channel  50  and  any  attempt  to  write  will  cause  an 
abnormal  program  termination.  Also  when  this  switch  is  off 


no  discrete  outputs  can  appear  which  will  be  reflected  in  the 
output  listing  by  the  printing  of  the  following  statement: 

*  DISCUS  SiflTCii  IS  OFF  -  DISC.TTTS  OUTFITS  ASS  DISABLED'. 

Once  D3(CiI)  has  been  specified,  this  condition  will  regain 
until  it  is  turned  off  or  until  the  program  is  halted  and 
*K.D  01’  ?2v is  printed.  The  default  condition  of  the 
discrete  suiter,  is  1 I'F. 
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Mechanical  Innnfc  h.ritch.  The  mechanical  input  switch 
is  used  fop  putting  the  computer  in  the  wait  mode  of  non- 
conputo  fres  the  idle  subcode  of  .manual  halt.  Uhenerep  IK(Oli) 
is  specified  it  must  be  followed  by  an  ?3(C'i)  to  pot  the 
computer  in  the  wait  mode.  Failure  to  do  this  causes  an 
abnormal  program  termination.  The  mechanical  input  switch 
will  be  used  very  infrequently.  The  mechanical  input  switch 
is  a  momentary  on  type  switch  and  is  turned  off  by  t2ie 


pro^aia. 

Connate  home  Switch.  The  compute  mode  switch  is  a  three 


position  switch  that  can  be  set  at  HU1>,  SIiflL£# 


or  HALT 


positions.  ;.'ith  the  switch 
functions  in  the  ncnccrrputo 
the  switch  at  the  lit:,  or  hi 
to  ester  the  ccrpuie  rede. 


set  at  the  HALT  position,  only 
mode  can  be  performed.  Setting 
-113  positions  allo*.is  the  computer 
If  the  switch  is  set  to  the 


SIA3LT  position,  one  instruction  is  executed  in  the  compute 
node.  The  next  instruction  is  stored  in  the  instruction 


register  and  the  simulated  computer  goes  thru  the  program 
valt  mode  to  the  manual  halt  node  to  wait  for  further  switch 
settings  cr  conditions.  The  SIMGL2  position  of  the  compute 
code  switch  is  noac-r.tary  cn  type  and  the  pro  gran  are  turns  she 
switch  to  the  i.Ahv  condition.  Yihsn  the  concrete  code  switch 
is  set  to  the  HJll  position,  continuous  operation  occurs  in 


the  compute  node  until  an  ill  si  (halt  and  proceed)  instruction 
is  encountered  or  the  program  is  abnormally  terminated.  The 
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Miscellaneous  Inputs  and  Cosaands.  The  simulation  language 
In  this  category  provides  sany  functions  that  are  unrelated 
but  were  not  of  such  importance  to  warrant  being  in  a  cat¬ 
egory  of  their  own.  The  functions  that  will  be  described 
in  this  category  are  listed  as  follows: 

Register  and  r.enory  Display 
Incremental  Inputs 
Discrete  Inputs 
node  rraci  '-g  *  - 

Execution  Specifications  - - - ' 

Setting  cf  yiipflops 
Ini tialization 

Register  ar-i  i  arory  Display.  The  binary  contents  of 
any  cf  the  registers  or  loops  («,?,£, H,7fH)  can 

be  displayed  by  use  of  the  register  ccnsasd.  ‘The  register 
coczand  has  the  following  fores: 

where  Arg  is  a  list  of  the  registers  and/or  loops  to  be 
displayed. 

The  register  cossand  can  contain  fros  zero  to  ten 
specifications  in  the  argument  listing.  A  valid  spec¬ 
ification  is  one  of  the  following  letters  which  when 
specified  will  display  the  contents  of  the  loop  or  reg¬ 
ister  associated  with  it  whenever  the  contents  of  that 
register  or  loop  change  in  a  progress  run: 
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Specification 


I 

L 

K 


u 


? 

E 

B 


Semis ter  or  Loop  Displayed 
Accunrulator 
Instruction  Register 
I^ozer  Accivsulatcr 
jjuaber  Register 
U-lcop  (i-ijord  loop) 

F-loop  (4-vrord  loop) 

E-loop  (S-word  loop) 

H-loop  (io-aord  loop) 

7-loop  (WmS  ^wit-loop)-  ' 
H-loop  (4-uord  input  loop) 


The  arguments  of  the  register  command  can  be  separated 


by  cossas  or  blanks  cr  they  can  be  placed  one  after  another. 


Examples : 


..  •>  -»  —  *  j-  — V  /  *  —  T  *  -  \ 

—  Xr-  •  y  X  }>  |  -«  / 


7121  display  contents  c? 
accmr.nla  tor,  i  ns  true  tier* 
register,  lower  accumulator, 
and  number  register. 


->d  { « a  .-.) 


EEiUTErK  ) 


7— loop,  k-loop  and  accun- 
ulator  will  be  displayed. 

ho  registers  or  loops  will 
be  displayed. 


The  default  condition  for  the  register  corsand  is 
HE3ISTSHO.  The  default  condition  is  assumed  each  time  a 
program  run  is  terminated  and  more  input  data  is  supplied. 


Therefore  if  register  display  is  wanted,  a  register  command 
most  be  used  each  tine  data  is  entered. 


To  display  the  contents  of  cold-storage  and  hot-storage 
channels  (channels  00  thru  5~)  of  memory,  a  ee-scry  command 
is  used.  The  cemory  ccry-rs  has  the  following  fora: 
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KSKG3Y(Arg) 

where  Arg  is  the  typ?  of  display  requested,  either  3IKa3Y 
or  OCTAL. 

If  the  argument  is  not  included  or  incorrectly  spec¬ 
ified,  the  default  for  Arg  is  OCTAL,  The  neaory  coonacd 
can  be  used  anywhere  within  the  progras. 

Examples :  h2i^3£(BL^31’)  Hsaory  display  will  be  in  binary. 

KEKOLY  Memory  display  will  be  in  octal. 

Incremental  inputs.  Because  the  simulation  ppograa  does 
not  have  real  tisa  control  cambility,  provisions  were  cade 
for  entering  data  in  the  Y-lcop  and  iI-~ocp.  This  data 
could  then  be  used  in  the  prorresifif;  of  the  simulated  cos- 
patter  as  thcii'h  it  tea  beea  supplied  iscreser. tally  during 
real  tiss  processing. 

The  fora  of  the  request  for  entering  increnental  data 
is: 

Loop(Arg) 

where  Loop  is  either  or  H  and  Arg  is  24  bits. 

For  Arg  to  fill  the  whole  werd  of  the  7-loop  or  H-loop, 
it  should  contain  24  or  core  bits.  Any  bits  above  24  are 
ignored.  Any  tits  less  than  24  results  in  the  least  sig¬ 
nificant  bits  reoaiT.ing  unchanged.  Storage  starts  with  bit 
24  and  continues  towards  bit  1  until  data  is  exhausted. 

Invalid  bits  are  assured  by  the  program  to  be  zero 
and  a  message  is  output  to  this  effect.  The  first  Incresen- 
tai  input  request  stores  data  in  word  0  of  the  -/-loop  or 
H-loop  (whichever  is  being  filled).  The  second  request  in 
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word  1,  the  third  request  in  word  2,  the  fourtn  request  in 
word  3-  Additional  requests  start  over  with  word  0  end 
repeat  the  cycle,  ^acn  tirsr?  tne  program  terminates  for 
sore  data,  the  program  is  initialized  to  start  with  word  0 
again.  It  is  possible  by  inc no  data  in  the  argument 
to  skip  numbers  without  changing  the  previously  stored  data. 
For  readability  tlauxs  are  ignored  in  the  arguxaent  portion 
of  the  request.  The  data  can  therefore  bo  arranged  in  any 
groupings  desired. 

Ezasples:  COG  0G1  CIO  011  100  1(1  fiO' TfTJ  This  request 

fills  word  C  of  the  S-locp  with  the  binary  data 
given  in  argument. 


H)  /{}  /()  V( 000000111111 
request  corses  words  0.  1, 
regain  i-rciiurv-i  and  word 


000000  mill)  This 
and  2  of  the  /-loop  to 
3  zo  be  filled  with  tne 


.ir.-'-ry  nz\-  iwc  in  er.  fit. 


Discrete  i r ~.n: t ^ .  bircretc  inputs  ere  necessary  to 
supply  data  for  use  with  the  ifXA  and  DIb  (Discrete  Input  - 
and  Discrete  Input  3)  instructions. 

The  fern  of  the  request  for  entering  discrete  input  is: 

Type(Arg) 

where  Type  is  the  type  of  discrete  input,  either  X  or  Y,  and 
nrg  is  19  bits  for  X -discrete  inputs  and  2^  bits  for  T -dis¬ 
crete  inputs. 

For  Ar«:  to  be  valid  it  must  contain  the  number  of  bits 
required  for  the  input  tyre.  It  can  contain  rcrc-  bits  than 
required,  because  excessive  bits  above  those  required  are 
ignored.  If  not  enough  bits  are  supplied,  however,  the 
program  will  use  the  dat  .  beyond  the  request  until  the  proper 
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count  is  reached. 

Invalid  bits  are  assumed  Ly  the  program  to  be  zero  and 
a  message  is  output  to  this  effect.  A  saxiiaua  of  ten  X -dis¬ 
crete  input  requests  and  ten  ‘/-discrete  input  requests  is 
allotted  before  the  storage  area  is  filled.  Additional 
requests  are  ignored.  I: -pet  requests  fill  the  storage 
array  in  sequential  order  from  1  to  10.  Provisions  for 
refilling  the  discrete  storage  array  once  all  ten  storage 
areas  have  been  filled  is  given  in  the  initialization  por¬ 
tion  of  this  section.  - - - - 

2n  using  the  stored  discrete  inputs,  they  are  used  from 
1  to  the  highest  rusher  stored.  Additional  requests  beyond 
the  highest  nusber  results  in  the  progress  using  the  highest 
nunber  stored  and  a  nessage  is  output  to  this  effect.  When¬ 
ever  an  abnoma  1  terr  i nation  of  the  prog res  is  xade  or  the 
power  switch  is  turned  off,  the  counter  for  using  discrete 
inputs  is  initialised  to  1. 

Kode  Tracin'?.  Kode  tracing  is  used  in  deciphering  the 
contents  of  a  pregrar*.  In  the  nor. compute  sole,  the  cedes  of 
operation  are  listed  as  output.  In  the  compute  code,  the 
instruction  being  executed  is  listed  as  output  and  a  flag 
store  is  indicated  if  it  was  programed . 

The  node  tracing  capability  is  requested  by  a  signal 
command  with  the  following  for?;: 

oIGIkL 


Whenever  612'Jkh  is  specified  in  a  program,  it  flips  the 


representation  of  a  variable  from  1  to  0  or  0  to  1  depending 
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upon  the  value  it  had  when  the  signal  casaoand  was  given, 
node  tracing  is  performed  when  the  signal  variable  is  1. 
Whenever  a  program  run  is  terminated  and  sore  input  data  is 
supplied,  the  signal  variable  is  initialized  to  0.  The 
signal  command  used  v:ith  the  register  command  will  give 
as  output  a  detailed  listing  of  the  contents  of  a  program. 

Execution  Specification.  There  are  numerous  occasions 
when  a  programmer  will  inadvertently  write  a  program  which 
loops  on  itself  resulting  in  execution  going  on  to  infinitua. 
To  prevent  this  from  happening  in  the  simulated  computer, 
provisions  have  been  rade  for  counting  the  number  of  exe¬ 
cution  cycles  in  the  cc npuue  tode  and  terminating  the 
program  run  whan  the  number  exceeds  a  specified  amount. 

The  programs;*  can  specify  the  number  of  executions  allowed 
by  an  execute  co-mood. 

The  form  of  Use  execute  cc-mnd  is  as  follows: 

„  -  *‘* *  z  •/  *  .  _  \ 

where  brg  is  any  four  digit  decimal  number  from  0000  to  9999 • 

If  no  execute  command  Is  given,  the  default  value  is 
SCKCUTE(C05Q).  Each  tine  the  program  terminates  for  aore 
data,  the  execution  cycle  counter  is  initialized  to  zero. 
However  the  number  of  executions  allowed  is  initialized  to 
the  default  value  only  upon  an  abnormal  program  termination, 
power  switch  turn  off,  or  ini tialization.  The  nuscer  of 
executions  specified  is  printed  out  whenever  an  execute 
co>“'nd  is  encountered  in  a  program. 
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Setting  of  Flir>florj.  The  simulation  language  described 
here  provides  the  capability  of  setting  or  resetting  certain 
specified  control  flipflop  which  can  change  program  flow 
when  encountered.  The  flipflops  that  can  be  set  are  D3  (de¬ 
tector)  flipflop,  HK  ( inoresental  input)  flipflop,  and  Til 
( incremental  input)  flipflop. 

The  status  of  the  flipflop  is  used  in  the  execution 
of  several  instructions.  It  is  reset  to  “0*  by  progran 
control  using  the  H5D  (Ties-. "  Detector)  instruction.  To  fclp 
set  the  D2  flipflop,  a  consxeid  vrith  the  -following  Tor®  is 
used: 


The 

condition 

of  the 

t  A\ 

and  ;J: 

• 

{ 

fore  cf 

the  data  xr. 

iloaded 

froia  the 

*' 

tively. 

if  ?:::  and 

.7-.  ‘are 

'0 

set,  < 

il-registcr  in  nonal  forr.  If  VT.  end  D:-l  are  rr  set,  the 
one* s  conplenent  of  the  data  is  unleaded  into  the  ..-register. 

The  fora  for  specifying  the  condition  of  the  7d  and  EK 
flipflops  is: 

KLipfiop(Arg) 

uhere  Flipflop  is  either  or  EK ,  end  Arg  is  o  or  1. 


Initialization,  then  the  binary  deck  of  the  sii!alati».a 


program  is  loaded  for  execution,  nenory  is  initialized  by 
putting  ten  drcinal  9’s  in  every  vord  location,  the  binary 
output  flipflops  are  set  to  a  +1  condition  on  all  three  lines, 
the  discrete  input  request  counters  are  set  to  start  count¬ 
ing  at  1,  and  the  Di!  and  :-*£  flipflops  are  *0*  set.  The 
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programmer  can  cause  the  sane  initialization  to  occur  by 
using  the  initialisation  corrand  which  has  the  following 


fora: 


Prcrra r.Ti  -~  .  eth-vir.  '  he  tecpaisir^  methods  presented  in 
tills  section  snd  the  prommr“ing  evar-fles  of  chapter*  V  do 
nJt  discuss  nethods  for  ''I'.'.mir  ~  toe  J173  computer,  "but 
arc  concerned  with  nctnods  and  examples  for  pro:ppaadng  the 
slsul&ticn  program.  Tor  a  discussion  of  progratwi*^  the 
Cl 7^  computer,  the  rosier-  sho-.-ld  refs*'  to  the  progreuaaing. 
Kin’al  writ  ten  for  the  X  inutonsn  Compute- r  use»*s  Group, 

:sef  1) 

In  the  previous  r eerier  of  :his  chapter,  r  description 
^  -*  the  inpus  irrguare  Vr.t  - .  .  i  e  c?  or-.-  simulation 

prograa  me 3  given.  In  this  section  ::e the  is  will  be  described 
for  arranging  this  Inrsgus  -  -?  *n  a  cror.ior:  fora  which  can  be 
run  os  the  Simula,  ted  cssrctcr, 

vhe  approach  for  arras jir.g  the  input  language  in 
program  fora  found  ec;t  advantageous  by  the  author  is  to 
visualise  a  hardware  control  console  with  switches  for 
each  element  of  the  simulation  language.  To  write  a 
program  f^ien  require;  that  she  programmer  write  doun  the 
simulation  language  c-occ  for  each  switch  that  he  would  push 
on  the  console.  This  apprcach  <  orhc  because  cf  the  simil¬ 
ar  itj  between  the  simulation  :»rco*au  and  the  hardware 
version  of  the  computer. 

In  writing  a  program  Ic  be  run  or.  the  simulated 
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computer,  the  prograuaer  Is  not  restricted  to  eny  input 
fornat.  The  input  is  fcrrcat  free  and  can  be  entered  72 
characters  per  line.  This  allows  the  prograaaer  to  write  & 
continuous  program  with  each  word  of  the  simulation  language 
separator!  by  a  delimiter.  A  delimiter  is  a  character  which 
fixes  the  end  of  a  oiEulp.tioji  language  word.  The  delimiter 
required  is  cue  blank  between  each  ward  of  the  simulation 
language.  Exceptions  to  the  use  of  a  delimiter  are  that 
octal  data  can  bo  grouped  and  no  delimiter  is  needed  for 
the  ASCII  representation .  - ' 

There  are  three  words  in  the*  simulation  language  that 
nnst  begin  in  coluna  one.  These  words  are  12(0?j?)f  GO,  and 
v.  5c$  two  words  r2{0??)  end  GO  signify  that  the  input  data 
is  cc"?late-  a.rJk  ready  to  be  read  end  interpreted  by  the  Simu¬ 
la  ticu  pro gran.  Enter-irg  FS(077)  ill  result  in  the  power 
switch  boirs  turned  off  at  the  end  of  tas  run.  Entering  GO 
causes  the  simulation  program  to  return  for  more  input 
when  it  is  interpreted.  A  coziest  line  is  created  by  spec¬ 
ifying  v  in  column  1.  The  pfogrsa  ignores  the  71  Training 
characters  in  that  line. 

kbenerer  the  sirrulation  prcgcam  i2  leaded  fci*  execu¬ 
tion,  P3(CS0  must  be  specified  before  KR(OJi).  Cnee  the 
power  switch  has  been  turned  cn  it  regains  on  until  It  Is 
turned,  off  or  until  the  program  is  belted.  Ei J(GS)  end  D0(G2l 
will  also  renal  n  on  until  turned  off  or  -until  the  program 
is  halted. 

A  typical  program  to  be  run  ca  the  simulated  computer 
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E/'CS)  FILL 


The  cold— s toitvre  ^rite  switch  has  been  turned  on  and 
the  fill  load  code  has  been  specified. :  The  simulated  cos- 
puter  is  noa  reed?  to  receive  and  store  data.  The  follow¬ 
ing  progrrua  is  a  sample  Dl?B  computer  progras  to  add  two 

i 

octal  numbers  (14  and  2)  and  output  a  teleaetrj  signal  of 
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user  to  (ENTER  KiGGSAM).  At  this  point  the  user  would 
enter  more  progress  or  sore  data.  ^ 

If  GO  has  bsen  specified  then  at  the  completion  of  the 
program  run  the  system  would  respond  with  the  message  to 
(COSTINGS  PRCC-RAn).  The  user  can  now  execute  the  same 
program  over  again  with  the  same  data  or  new  data  can  be 
entered.  The  program  written  onto  the  memory  will  remain 
there  until  overwritten  or  until  initialization  occurs. 

To  execute  the  same  program  again  would  require  the 
following:  - 

HR  (Oil)  X(RUH) 

GO 


To  execute  the  same  program  again  with  rev;  data  (20  i 
12)  would  require  the  following: 

iui(Ori)  FS(c:i)  FILL  CLE.,2  201  LOCATION  CLEAR  20  ENTER 
CLEAR  12  ENTER  K(2UN)  HR(aK) 

GO 


Overwriting  the  previous  program  with  a  program  to 
multiply  two  numbers  (+.04000000  and  +.3000C000)  could  be 
accomplished  as  follows: 


HR (ON)  F3( CS) 
CLEAR  201  LCC 


FILL  CLEAR  i  LOCATION  24020202  ENTER 
Tie"  02000000  FJiTEE  1400C00D  ENTER 


A 

uv 


This  pro  ran  would  produce  no  results  because  it  was 


not  entered  into  the  compute  mode. 


To  execute  it  would 
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require: 

*2(01.)  Hlij;'.)  -  ssS<' 

GO  ~  - 

Execution  of  the  program  produces  a  telemetry  signal 
of  the  answer.  Eor  a  no re  comprehensive  listing  of  the 
compute  node  portion  of  the  pro~r£:sf  the  signal  and  register 
coEssands  can  be  used.  Eh  on  using  the  signal  and  register 
cocsands  in  the  compute  code  for  the  first  few  tines,  the 
number  of  executions  allovred  should  bo-lo»o»e&y-  This'  is 
done  to  prevent  large  amounts  of  output  in  case  the  program 
has  loops.  To  execute  the  multiply  program  using  the  sig¬ 
nal  and  register  commands  would  r-2  glare : 

E:iCU?d(OOiO)  UAL  BSGI JfE.; (A ,  I ,  L,I« )  i.(BUIi)  EI(Ci:) 

•or: 


i  I 


It  is  possible  to  run  a  program  ending  with  an  HrH 
instruction  (such  as  the  previous  addition  or  cultiply  pro- 
grass)  several  tines  using  too  different  numbers  each  tins. 
To  do  this  requires  specifying  K(:lil£)  when  the  simulated 
computer  is  in  the  program  halt  node  and  to  follow*  this  by 
FS(iii),  Specifying  K(!!f\L?)  puts  the  simulated  computer  _n 
the  manual  halt  node  and  specifying  FE(Cfl)  puts  the  simu¬ 
lated  computer  in  the  unit  mcdc.  If  a  signal  or  register 
command  was  c-sing  used,  then  dlC-.  .-.E  iiEildiilU  )  should  be 
specified  before  entering  core  dots,  ^ming  this  prevents 
!*>ode  tracing  and  register  display  while  the  raw  data  is 
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being  loaded  into  the  computer.  The  signal  and  register 
commands  ssust  be  respecified  before  K(HUJi)  is  specified  to  - 
alio.;  Bode  tracing  and  register  display  in  the  cospute  code. 
The  new  data  can  be  entered  by  specifying  a  fill  load  code 
and  following  this  with  the  new  data.  The  simulation  pro¬ 
gram  can  now  be  put  bach  into  the  compute  mode  by  specifying 
K(HUH)  followed  by  -3(021}.  This  cycle  can  be  repeated  as 
laany  times  as  desired.  The  program  for  doing  this  with  two 
sets* of  data  would  looh  as  follows: 


The  previous  examples  have  been  entered  into  the  compute 
uede  by  specifying  2 2R(v-.')  or  2  (iiuii)  kS(C2i).  This 

results  in  a  transfer  to  charrel  00,  sector  000  and  starting 
execution  at  that  location.  A  pro pran  can  be  executed. at 
any  starting  location  by  specifying  500Gxxxx  LCCATICh  C0KFJT2 
K(RL:2i}.  xzrx  is  the  channel  address  and  hector  location  of 
the  first  instruction  to  be  executed.  IAC2.TI t-S  puts  the 
transfer  instruction  50CCp:xxx  in  she  instruction  register, 
Gm.FJTh  puts  the  cc-rpvt-r  in  t;-  a  manual  halt  mode  and  ;.{2-Un?) 
puts  the  computer  in  the  ccrp.ue  r.ods  icr  continuous  run. 

All  pro  rams  which  specify  should  end  with  a 

halt  and  proceed  ii.ct-rsctio::.  This  ins  traction  nuts 
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the  computer  into  the  program  halt  mode.  If  an  H?R  instruc¬ 
tion  is  not  used,  the  program  will  continue  in  the  compute 
mode  until  an  error  occurs  which  will  cerainate  the  run  or 
the  number  of  executions  exceeds  the  number  specified. 

Shortened  Version  of  Simula rion  language.  The  following 
description  of  a  method  for  creating  shortened  versions 
of  the  simulation  language  does  not  apply  to  octal  data, 
switches  (except  compute  node  switch),  or  flipflop  settings. 
These  parts  of  the  language  have  not  been  included  in  the 
discussion. 

A  shortened  version  of  the  input  language  can  be 
created  by  the  user.  To  do  this  requires  taking  those 
letters  of  a  simulation  language  word  which  are  used  by  the 
simulation  program  in  interpreting  it  and  using  those  letters 
as  the  input  fer  the  word.  Additional  letters  can  be  added 
to  build  a  mnemonic  fora  of  the  nerd  if  desired.  The  follow¬ 
ing  is  a  listing  of  those  words  in  the  simulation  language 
which  can  be  shor cored,  a  listing  of  the  portions  of  the 
word  which  are  used  in  interpreting  it,  and  an  example  of 
a  shortened  version  of  the  word: 


Simulation  Language 
words  which  can  be 


Shortened 


HALT 


Interpreting 


letters 


Sxanple  of  a 
3hortened  Version 

HALT 


;  ,  si 

2  -vf.  xluit 


KILL 


i'kSU 


ViAilAi 
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i 

( 


COMPUTE 

CO 

COM 

ENTER 

EM 

EM^ 

CLEAR 

CL 

CL 

DELETE 

D£ 

DEL 

OCTAL 

0 

OCT 

BINARY 

B 

BIN 

KHAN 

KH 

EKAH 

SINGLE 

S 

SINS 

HUH 

-R 

RDM 

REGISTER  (  Arg) 

HE(Arg) — 

— =-HB£G(Arg) 

KE3i€QX(3I2L\RX) 

KE(S) 

KEK(B) 

HEKCKX(  OCTAL) 

12(0) 

HEK(O) 

SIGNAL 

S 

SIG 

ISXECUT2(Arg) 

EX  (Arg) 

EX  EC  (Arg) 

REINITIALIZATION 

SEI 

RSI HIT 

The  saiss  using  conditions  apply  to  the  abbreviated 
version  of  the  language  as  apply  to  the  full-word  version. 

A  blank  is  seeded  as  a  del  ini  ter  between  each  word  of  the 
language  except  octal  data.  Input  data  is  entered  with  a 
free  format.  All  72  columns  con  be  used  for  entering  input 
data,  however,  no  language  element  can  be  divided  between 
two  lines.  If  a  word  will  not  fit  an  a  line,  leave  the 
reminder  of  the  line  blank  end  put  the  word  at  the  first 
of  the  next  line. 

A  description  of  the  simulation  has  been  given  in  this 
chapter,  ibis  language  consist s  of  nissbers  and  load  codes, 
switches,  and  ni scellancou.;  couaanls.  Also  discussed  was 
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the  sethod  for  creating  progress  to  be  executed  by  the  siao- 
latian  program.  The  chapter  was  concluded  with^a  method  for 
creating  a  shortened  version  of  the  s isolation  language. 

The  following  chapters  sill  give  a  listing  of  the  erorr 
detection  capability  of  the  simulation  prograo  and  sill  pre¬ 
sent  exanples  of  programs  that  have  been  ran  an  the  sisu- 
lated  computer. 
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IV.  Error  Detection 


Error  detection  is  one  of  the  outstanding-  features  of 
the  D17B  coaputer  simulation  progran.  With  this  capability 
the  prograa  tapes  can  be  error  checked  by  the  simulated  com¬ 
puter  before  they  are  run  on  the  Di?3  computer.  To  success¬ 
fully  load  and  execute  a  program  on  the  Dl?3  coaputer  the 
prograa  has  to  be  error  free.  At  the  present  tine  there  are 
no  error  checks  rsde  b7  the  Di/3  computer  except  for  parity 
and  verifying  fee  contents  of  semory. 

The  error  detection  provided  by  the  sisulation  program 
goes  beyond  checking  juei  prorraa  tapes,  ill  input  data  is 
checked  for  validity  by  cosparing  the  inr  Jb.  symbols 
against  the  simulation  language  cystous.  Checks  are  also 
xade  by  the  simulation  rregrar*  io  detect  invalid  switch 
settings,  addresses  iiiat  are  out  of  range  of  the  program, 
and  a  variety  of  conditions  that  are  net  allowed  by  the  D173 
coaputer. 

A  listing  of  the  error  statements  feat  are  provided  by 
the  siisulaticn  program  is  given  in  this  section.  Included 
tilth  each  statement  are  possible  causes  of  the  error  or  a 
further  explanation  of  the  error. 


Error  Statcrents/Causes  of  Errors.  A  listing  cf  the  error 
statements  provided  by  the  D173  computer  simulation  ore gram 
is  as  follows: 

!u}u  FClK-iJiX-  DA iV.  IS  iiG?  ALLi-VJrJ:  (Invalid  iitfe) 
iBpi* tr  symbols  spec  ifitd  are  iiot  rar-t  of  the  :~Irulation 
language. 


62 


GE/EE/72-7 


LOAD  CODES  KU3T  BE  IS  3ISABY  WHEH  3I1IARY  IS  SPECIFIED 
A  different  representation  for  a  load  code  was  used  when 
the  binary  representation  was  specified.-  — ' 

THE  FOLLCKI £3  IUPUT  DATA  IS  IS7AUD:  (Invalid  Data) 
Portions  of  the  input  *.*ord  were  interpreted  but  an  iisproper 
sysbol  i:as  encountered  disallowing  any  further  interpre¬ 
tation. 


C0KPUTE3  IS  Ku?  IK  WAIT  HODS  -  DATA  CAIDiOT  BE  EHTSSED  - 
PSOGtLAK  TSSKIFTATED 

The  program  sust  be  in  the  wait  node  of  noncospute  for  data 
to  toe  entered. 


AH  FS(OK)  SISIIAL  HUST  POIXOS  All  IK(OK)~oICJiAL-56  POT  EACBIHE 
IK  -AIT  HODS  -  DATA  1GH02ED 

If  X£(02?)  5  s  specified,  the  only  way  to  pat  the  computer  in 
the  wait  code  is  to  specify  ?5(Oi:). 


CONFUTE  KODE  SWITCH  SPECIFIED  IKCCSBSCTLY 

Only  HUH,  3IKC-LE,  or  HALT  can  be  used  as  SG&es  for  the  ccs- 

pute  switch. 


THE  FOLLOWING  IKPUT  DATA  O;.  HE 

Symbol) 

Unen  KKAM  has  been  specified, 
ASCII  representation. 


A:;  ‘TAPE  lS  IE7ALID  -  (Invalid 
input  data  must  toe  in  the 


EXECUTE  A3G*.H:EIIT 
ASSVHED 


SPECIFIED  INCORRECTLY  -  DEFAULT  VALUE  OF  50 


The  argaaect  of  the  execute  ccssand  aust  contain  four  decimal 
digits  to  toe  valid. 


CGID-3TG3AGS  WRITE  SWITCH  SPECIFIED  INCORRECTLY 

Only  CJi  or  OFF  can  to?-  used  as  the  settings  for  the  cold- 

storage  neaory  write  switch. 


DISCRETE  SWITCH  SPECIFIED  INCORRECTLY 

Only  Oh  or  OFF  can  be  used  as  the  settings  for  the  discrete 
switch. 
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PCV/LR  02J/CFF  DATA  IS  IIICC2HECT 

Only  Oil  cr  OFF  can  be  used  as  the  settings  for  the  power 
on/off  switch.  -  -  .—r 

CKAKIEL  SPECIFIED  CAKhr'  BE  LOADED  -  F3CG2AK 

Only  channels  00  thru  56  can  be  leaded  by  an  enter  load 

code. 

K3(c:;)  GAIiEOT  L'S  SPECIFIED  -cITH  PE (OF?)  -  PB03BAK  TE2KIIIATBD 
IB(Oli)  nust  be  specified  before  :E(02). 

K(KALT  LUST  EE  SPECIFIED  BE  EC  IE  EC'UII)  AFTER  AS  HP3 
IHST3UCTICH  -  PECGHAi:  TEEEIE.-.EED 

An  HFH  instruction  puts  the  computer  into  the  progress  halt 
node  and  K(iELI)  nust  l>e  specified  to  of  the'  pro- 

gran  halt  izode  and  into  the  annual  halt  node. 

A  52AG3FEH  15  KCT  ALLSEED  ?C  L-SZG,  V-,  OH  2-LoOPS  -  P2CGEAK 
TESHIl'-ATED 

Channels  64,  70,  and  72  cannot-  be  used  with  a  ‘ERA  (Transfer) 
instruction) . 

rt7E*  ••  '•-T/..;  ^7  *« — /•'  v  .  -  '  n  .  -r-  -r-»  r^rrr  r.,» 

-1  — oi  c  ’*/  JL  vi*  %  v.  _  E  «  ^  «•  i  E*  ^  T:  bo  i  d  V-i* 

Eot  all  possibilities  for  E-tp acini  instructions  have  been 
wired  into  the  computer,  you  have  specified  cue  of  these 
areas  for  execution.  Chech  the  c  aeration  Code  veitch 
diagraa. 

STORAGE  CAhliCT  TAKE  PLACE  I*:  CALD-3TCHAG2  CHANNELS  IF  COLD 
STORAGE  -SITE  SWITCH  IS  CF?  -  PILC-EAr.  TEE] HEATED 
2a (C G)  nust  be  specified  before  writing  can  take  place  on 
cold-storage  usrory  channels. 

STORAGE  IS  SO?  ALLEGED  IE  GIGGLE-LDC-PS  (A,I,L,  ch  u)  - 
I20GHAK  TERKIKATED 

The  STD  (Store)  instruction  cannot  store  in  single— word 

loops. 

STORAGE  CAIh.ET  TAKE  PLACE  IE  CHAEEEL  50  IF  DiGCilETE  SiilTCH 
IS  C ;?  -  PhtC::.E-  TE.-h.I*E.E;-D 

DD{C::)  u:;st  be  c-rocifi-ru  before  writing  err-  tube  place  on 
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channel  50  (hot-storage  i&eaory  channel). 

COID— STORAGE  K2HGHY  CANNOT  BE  LOADED  1?  COLD-STORAGE  WHITE 
SWITCH  IS  OF?  -  PROGRAM  TERMINATED  '  * 

EW(OR)  Eust  be  specified  before  writing  can  take  place  on 
cold-storage  aeaory  channels . 

H0T-3TG3AGE  hSSORT  CAiiSGT  BE  LOADED  I?  DISC2ET2  SWITCH  IS 
OFF  -  PROGRAM  TSSIOSASED 

DD(CII)  Bust  be  specified  before  writing  can  take  place  on 
channel  50  (hot-storage  ncnory  channel). 

FLAGST02E  IS  ALLCr'KD  CNLY  IN  L-RSG  NhEN  STORE  ZSSTSUCIXCS 
IS  TO  CKAi!  50,  r ,  H,  OR  E-LOOPS  -  FR CORAS  TERMINATED 
If  a  STO  (Store)  instruction  is  to  chasn*;!s-5*>,  52,  5^.  or 
56.  a  flag  store  is  allowed  c-nly  to  channel  64. 

0PE2AHD  ADDRESS  15  lUY  C?  uAilGu  —  iRCRNATEC 

An  area  of  iaerx>ry  has  b:cr.  Designated  201*  an  operand,  out 
no  data  has  been  loaded  there, 

INSTRUCTION  ADDRESS  IS  GVT  vR  JAMS  -  FRMEAA  YESKIR.  ISO 
A  senary  word  has  Loan  designated  a  :  tie  rent  instruction, 
however  no  data  has  been  lovde^  or  a  tor  ad  into  that  sen-ory 

word. 

REGISTER  DISPLAY  PROJECT  IS  IN. 'A  LID  -  (Invalid  Register  Dis¬ 
play  Request) 

Register  display  ccEsand  is  Hissing  a  j.eft  parenthesis. 

(Invalid  Synbol)  IS  «CfT  A  VALID  KoGIci'j  :RR  DISPLAY  AHC-:J:ISriT 
A  syebol  other  than  one  of  the  ten  register  display  symbols 
was  used. 
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V.  Fror<raEEBlng  Examples 

Title  chapter  is  concerned  with  pron:-esa--th*t'  have  been 
run  on  the  D17B  eonputer  simulation  progi'sa.  Seven  differ¬ 
ent  example  i-ro/jsss  r_»l  flew  charts  will  Is  presented  waiA 
shox  the  types  of  output  *h?. t  car;  ts  realized.  In  the  course 
of  piecernng  these  seven  examples,  t>  -  ra  jerity  of  the 
instructions  in  the  'nstructlcn  set  of  the  DI73  computer 
will  be  used. 

Bxarrele  Prorran  Ilvsbor  J_.  In  this  cxa=ple,~the-  type*  of  out— 
pit  available  in  the  noncoupute  node  is  shown.  This  example 
claws  the  way  load  codas  are  used  and  the  way  in  which  data 
is  loaded  into  senary. 

Signal  tracing  and  register  display  in  the  ncsico spate 
cede  will  be  used  very  ir-frequently  because  of  the  1 zr~e 
anount r  of  output  even  for  a  smell  pregran.  However,  for 
someone  learning  the  operation  of  the  bl73  computer  the 
output  displayed  jjj  these  t?o  cc-cxands  c?n  he  used  as  a 
teaching  aid. 

A  senary  display  reinvest  is  cade  at  the  end  of  this 
example.  The  jsenor;  due?  that  apperr~  on  -he  listing  has 
a  channel  and  sector  designation  on  the  left.  This  address 
Is  the  memory  address  of  tne  c-etal  word  appearing  in  the 
first  col-on  of  that  row.  The  second  column  in  the  same 
row  contains  tne  a enory  word  of  the  next  sector  location. 

The  same  applies  to  all  remaining  words  in  that  row.  If  a 
sector  location  in  a  row  has  not  been  iosded  with  fata  it 
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appears  on  the  listing  as  a  word  containing  all  7*s.  The 
rows  in  which  none  of  the  sector  locations  are  loaded  with 
data  do  not  appear  in  the  zsaory  dnsp  listing. 

The  flowchart  for  e^aaiple  prograa  no.  1  is  as  follows 


START 


wwwrnw-'mr  vwn*  <^wt*w>wi^*r?i^\w*wr 


J'V  *J*^k*L  J  ^  ^~. 
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1fn«T?i'2-IS-:3  SI  «SPSSO  w  FHiaTEi.  TYPE  V  A3?  'rCJS  SAri',  0IHE3- 
VISE  lire.  3  -  S  i 


W  ** 

**  Cl  23  CCr^.tTER  I  «* 

**  si:iyLAn^3  ?pi>G£a<s  «• 

*•  1  5  ** 
**  CATZ=  01/24/72  TIJStr  19.42.00  ** 

**  . 
»**♦**■»**♦■'»**■**♦■»**  4  ♦»  **•»*«*  ***o4*  »•»•***?  *#i.«*******-*e** 


**  FRJSISy*  OF  ISPUI  F?.35?_A«i  .  ** 

—(-ST £2  ?ac5=A.;> 

SXGSAL  EEGXS1ES (A  ,1  .L)  ?3(2S3  33(225  ?S(C3>  EYCC5J  LI* CCS)  FILL 

CLEAR  01224567  £Sf£8  HALT  B£rtC£T(w?£L>  - - ' 

FKWFFJ 


1 


4*  2£SR_IS  Sr  SIHULAIXCS  ** 

SI  GCAL  S3  -  JCCES  TILL  =£  T.-ACEP  : 

F2VL?  MAS  c-EE3  IUS2£3  21 
kastl?.  2Z?£i  *?r>u£s:£ 

FSEf-AF.i  IS  KCCE  :  1 

SYSC  >!  I  C.  v-Ti2  ;  ; 

STCC  311  CirvLliR  2  7.M>i 

1(24-15  :  101  202  C-C-5  0.0  225  0C5  232  C-50  ! 

C(4>  V(2>2(JJ  '  iLLE  SLl'-K'CE  .'r  ."T2?IAL  HALT  ; 

«3I£RLCC£  2.-  M-TCAL  KALI 

FREPARE  12  L.V.1  f  c-F  .  ;t  ;l  .salt 

Cl SCULAIES  E£I  -EE3  ?hz.~:.rZ  I.'  l.r.3  A53  JSIZELt-CS  SLE-SCCET  C“  itAA’.'AL 

HALT  f  * 

UAH  MODE  , 

PREPARE  TC  *r»lE  liODE 

saspls  c:r-£  -  ode 

PARI  IT  CHIC 5  IjOSE 
PROCESS  Ci~S  -  FILL 
»1  T  IH2£ 

PREPARE  T3  "L:SLS  .Oi>£ 

S4K.-LE  C-:5£  .:!?£ 

Ftt'-X  ••  v*i » vl  . .*  jc 

F22CFS?  CCD*  -  CLI** 

LC24-1?  -  53-5  230  OSO  050  032  023  030  030 
an  M20€ 

??EPA"  2J  r.-O  LZ  K2DE  ! 

lAKC'LE  225£  : 

FAriir  »~:ec«:  :  ’-i£  : 

PROCESS  £;'*£  -  -CIAL 

HIX-!)  :  —-J  2Ti  505  002  -.5-)  501  003  0.«0  - 

ai  T  i.2L£  : 
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is  Hucber  2.  This  example  consists  of  an  add¬ 


ition  ripple  program  that  has  been  written  using  the  three 
different  representations  for  input  data.  Each  program  has 
been  loaded  and  executed  separately.  The  addition  ripple 
program  loads  1  into  the  accumulator  and  keeps  adding  1  to 
the  contents  of  the  accumulator.  Because  this  program  loops 
on  itself,  the  execute  cosssnd  has  been  used  to  stop  the 
executions  at  a  count  of  five. 

—  The  initialisation  and  nenory  cosraands  are  used  with 
each  representation,  i.ode  tracing  and-revi^ter -display  are 
used  in  the  conpute  mode  portion  only. 

The  flowchart  for  example  program  no.  2  is  as  follows: 
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lS15Sri2  iSS753£TI;53  -  CTHAJ 

CL£S3  i  ADD  lUTSKT-;-:  -  iCIAi 

=  C-C5  533  053  COO  050  DDO  003 


031 


ADD  SSSTHlSTISS  -  CrDD) 

^  t2-i~l  /  -  533  150  000  030  003  COD  203  010 


ADD  lSSISSlICS  -  CADDl 

£{24*1}  -  000  HO  050  ODD  033  323  GOG  Oil 


^  EXi2DT;335  K A  Vi  23CCE£vED  K,  SPiCirlED  - 
I £5  £32  £:-2IHi2  P2--S2A3  TYPE  SJJS-;  IS  SIC?  TYPE 

♦*  rSiSjiST  C-r  IS? Cl  ?H3£=£n  -*» 


CSIiB  PR3S2SK) 
2E3ST1AUI* 


”  2£SSL:S  2?  SiVilAlIS 2  *» 

HAS  3—1  i  51  IIAI_JZ£3 

?:-i  :iin  s?  I  irui  PHcsssa  ** 


C£2i£S  P5C02AK5 
>  sSSisi::  2i??L£  r £25343  15  ASCII  ~rT:»IzZ r 

£<C=J  ?-={.- 3 i  £»C22J  3512 

J45IS5K  :  i;:i:iv2  :  *  I  ;  = 

S£C3ii«:jJ)  £€5235  SS(2S) 


=CC?F3 


**  HESSLTS  C?  SI«2n.AlIC2  »* 
I  SPOT  Sl'SECE  -  311 S  TAPE 


« c  V.3*.»T‘V  ^  _ 

"*  ••  v*«rs»  *  5 


03  005  «D15D02  «3:00D2  OOOOOCC-I 


*5_25H„ri.ir  ;-T.?^  4*  _  issues?  rr  eehost  scr  u 

- -''I—  --9  -y  i£=.  r&?m  fCCJTAS  3035 


75 


x 


GE/ES/72-7 


Example  Program  Humber  2-  This  example  Is  an  arithmetic 

program  that  uses  a  COA  (character  output)  subroutine  to 

-  -  . — rS=5^' 

output  the  answer  as  eight  octal  digits.  The  COA  subroutine 
was  developed  by  the  Systems  laboratory  Group  at  Tulane 
University.  (Hef  1:27-28) 

The  arithmetic  program  consists  of  seven  arithmetic 
routines  with  starting  locations  at  the  program  address 
listed  below.  Each  routine  needs  two  data  numbers  starting 
at  the  data  addresses  given. 


Program 

Address 

Data  A 

duress 

Chan 

Sect 

Arithmetic  Her  tine 

Cfean 

Sect 

00 

COO 

ADD  routine 

C2 

001 

04 

OCO 

SUB  routine 

Go 

001 

10 

000 

SAD  routine 

12 

001 

14 

OCO 

SSU  routine 

16 

OCX 

20 

000 

KF2  routine 

22 

cox 

24 

GOO 

Si;F  routine 

26 

001 

30 

000 

Khole  I:o.  Kri  routine  32 

001 

fetch  routine  of  the  arithmetic  program  can  link  up 
with  the  CCA  subroutine  to  output-  the  res -alts.  The  CCA 
subroutine  is  loaded  in  channels  --4  and  45.  The  last 


instruction  of  the  COA  subroutine  is  an  K?3  instruction 
which  pats  the  computer  in  the  program  halt  mode. 


In  this  example  a  flag  store  telene,  _  signal  is  also 
used  to  output  the  answer.  Ho  node  tracing  or  register 
di Sclav  is  used. 


HI  (OFF) 


GS/S3/72-? 


* 

\ 


IF  C'jTrin  IS  TO  S£  L1?=2S£D  12  rHISIEB,  TYPE  .'.S3  “yCUS  SEE';  CIHEr- 

«j$£  TYPE  2"  _  v 

«■;»«  w  »*«*»»«<♦ 


4« 

« 

** 


3!  73  CCS*UIEH 
SIE'JIATi  35  PEC32AK 


DAJ£z  C 3 /» 4/72 


TIKEz  25. 03. 47 


t* 

«* 

*$ 

*» 

** 


«*  rniiiiST  rr  it?ui  Pncsr&n  <* 


CE2TE2  PsCSJo) 

S  fiPITHHZTIC  PS23E42 

P3J02J  3(C5)  E-t.*5J 
2  443! 0201  =  545232:2 
“  403  D  44023531  =  7-. 
“1033  3  44015231  :  5: 
“1433  S  4431153!  =  “I- 
'2000  3  4405223!  -  2- 
“2433  5  4421253!  =  -5 
“3033  5  44313231  =  I. 

24C557C-S  :  *4 


A  S1S2CUT52E  - 


*  (.!■)  1 _ ii 

"  ;43*4i03  —  5243-*420 
52 £32  :  i4?i!565  r  52-13 ,40  a 

55252  =  54034535  -  52454400 

ilClZ  :  54354303  =  52404403 

._i»2  —  34354-iv5  —  524344^3 

-2-::-2  :  5-«054-;35  =  52434403 

=2254  r  47533202  :  35042S1S 

i4£33  =  52434403  = 


£  C24  SiSir.COlsSE 
“  4433  5  443545:!  = 

=  44  5 54531  :  355252: 
3  £42045-33  =  5421  -*  -5. 
44254525  -  742?-’.  ii  7 
5  31254557  :  “  1  :  “ 
“4525  5  “  15  =  “  1  : 

H  ESSC2Y  CL  231  UC  Z 
FILL  CL  323!  IC-C  CL  1 
PECCrr  > 


2:532  =  43-254230  =  00372235  :  “  4437  5>  54104513 
“  4453  r-  47544554  :  4315-4230  =  03I74C5.*  =  “  4417 

4,224522  =  5 325 4-2 3  -  74244524  :  54254524  : 

:.i40:  :  4431453!  :  54324524  =  40552230  r  *  453! 


514  3  577777?;  = 
4535  S  “  5  : 


4522  9 


4524  > 


1  - 


£0  £5  CL  :?  ES  EXEC •:  1030?  HSC0S7  J  ECEALTJ 

:*-  CL  7  ES  52035C03  LCC  COE?  EtSOSJ 


EESSLTS  CF  SIKULATI33  ** 


jS?ut  ?:ece  ■  :  tape 


(t  5E2C2Y  EOS?  »' 


CKA2 

00 

SECT 

303 

44-3;  ::-:•! 

54020202 

54034503 

524544C-0 

04 

COO 

44CJ3C05 

74320 C02 

54034503 

52404430 

SO 

030 

4405 :23i 

50321202 

54334C03 

52434400 

14 

305 

443!!  "5 

7C-0-21502 

34054503 

52434420 

20 

500 

*.•  -  ' 

%%«  •  m 

24022*25:: 

34054503 

52404400 

**  - 

030 

4-.75E- -! 

2*35.2:502 

54034533 

524044 00 

30 

030 

t«  .  2 

00122214 

47533202 

003422! 3 

30 

004 

24:s-.:-.:- 

54054503 

52404403 

77777777 

1 


GS/E5/72-? 


M  f  ) 


i 

1 


“*-x 

COO 

44034601 

47224532 

40054233 

-  03372205 

00-5 

77777777 

77777777 

77777777 

54:046*0 

«  A 
“»-« 

0*0 

44114631 

0315520! 

77777777 

47oAA6I A 

44 

014 

43134233 

C-01  74021 

77777777 

£4254656 

44 

020 

54234605 

44224622 

16254450 

74244624 

An 

G24 

54254624 

74274627 

15264430 

44 

033 

44514651 

54524S24 

4«/^o220D 

77777777 

Afi 

OC-O 

77777777 

01254357 

50G3DG0! 

77777777 

4S 

0!4 

57777777 

77777777 

77777777 

77777777 

4S 

020 

77777777 

77777777 

0SS03-636 

77777777 

C£4 

35303331 

77777777 

00303015 

50335031 

46 

053 

7777777? 

33533336 

77777777 

77777777 

«-•:  £2 

r*  cf 

KEHC5?  5522*  *■» 

{?G2I35^  OF 

2£r.25Y  037  LISTED 

C22TAIE  SS 

V 


i£  ?£ESE57  r£;5SlS  £021 


C-F  EXECSTIiCS  SPECIFIED  =  1?:* 
_i£3EB  I^TSXTJiS  sSiSrlS:  cjp. 


SI  CAY.' 

CHS FACIES 

-  0033 

H>SI  5: 

31545? 

CH.YEAC7EH 

iTJiFJT 

•  0-C0 

KEXir*. 

SISSY 

CKAHACIEX 

C-JTPJT 

-  3033 

HEX'S. 

2i  SI»  ST 

:  — S 

^1**  J  i 

-  03-30 

^  m  ■ 

sliTEV 

CHAIACTZI 

vJT?V  a 

-  i:iOS 

iiiXIIi 

Si  r«2? 

CKAH4C7EY 

£Ua?5j  a 

-  c-oss 

:.£X1S; 

* 

51SFI 

CHAEACIEH 

Ct4T?UI 

-5111 

h£x:^-; 

ci  r.42Y 

CKAHAC7E5 

wUFriiT 

-  01 1 1 

H£>!  1 1 

FL41SE! 

>  J35THCCT3 

5i  TELEHEISt  SI 

sr;i  - 

1 

E I “ - 'Y 

CXAEA*.Ir.R 

-  C3C3 

«*rv?  2' 

S'" 

si  :•  hi 

CHJ-  r.AC  s 

—  0535 

tf£v;  % 

i 

SISSY 

CviliCItl 

-  3030 

r.zSi 

■* 

SI  ?  57 

CHS FACIES 

5rii*3T 

-  eocc 

*  -j  _ 

51-i.V: 

CHAHACIwH 

5irr?sjT 

—  v33v 

HEX13 

- 

Slf.HY 

CHASACTEH 

vJ  irL- : 

-  iS55 

KExil-: 

SI  LAST 

CKAJ-4C7EH 

*.  T^jr*- 

^  a 

-  0115 

HEii  3; 

SI  TiVHY 

CH.4EAC7E5 

«.!:  ;?vl  a 

-  t-335 

KL't:  1! 

IiJ  HUS  A25IKES  ?sC«kA3  77?  i 


■-_  -  0333* uD c ssZ‘j~Z255o o  mm 
iXISSCir.AL  CKA25C7ZS  CUTTUT  -  5 
EXlE-ECiH-iL.  CHAHACTES  C3:?:JT  *  0 
EX'  CECI/AL.  CKASAC7XS  R?7?UT  -  0 
ESISECII.IL  ZrJirSZlZr.  53TPUT  -  0 
-_X i ^ i .AL  :£.S  CyTFUa  ~  G 

EXlCiCIhAL  CHARACTER  Cl'TPUT  -  0 
EXlS-ECir-AL  CHAEACIEH  SUirBT  -  7 
■ZS122Z1VXL  C7A?AC:£fc  C*_*I?L'7  -  7 
At.  -  C‘3005  6-0C-933  >300C2  J 18501 

isiozc-r-.L  c:;a.-act£?.  -  o 

CHArAvz^^  C3t?U7  *  0 
£51  T  _£i::\L  CSS FACIE5  ccttct  -  c 

£X ; _ _ HA *_  EinEhCiEi  C3:r57  *  C 

iXlDECHAL  CKAHACIES  CS7P5J7  -  0 
2Cii£C? CHAESCTES  CairU;  -  0 
EillrECjJ.Al.  CHASaCIEE  COIFUT  -  6 
EXILEC-HA L  CH'.HACIEH  Cls7?UT  -  1 
1Z  S~t 3?  Ti?Z  "HALT”  -  KALI 


y?  EfciJ  27  rHCTE&X 
21  .13.20,572? 


EXEC3T1  TJJlE: 


1.721  SEC 


V 


GE/EE/72-7 


Example  P 


ituabap  4.  This  example  is  a-  prograa  which 


shows  the  discrete  output  capability  of  the  simulation  pro- 
grant.  To  interpret  the  discrete  output  listing,  the  reader 
should  refer  to  Fig.  12  in  Appendix  C.  =  1 

The  flowchart  for  example  program  no.  4  is  as  follows: 


STAB  T 


?H(OH)  HS(GH)  PS(GH)  Ei?(Gls) 
DDCCK) 


bcecusxohs 

Allowed 


K(HUH)  HE(GIs) 


s  DO h 

DCA*— DDA+l 


^  is^ 
Execut, 


i&4? 


Terminate 


GE/ES/72-7 


IF  OUTPUT  is  TC  3£  -GIFPGFZD  TC  PEICTZS,  TYPE-'”?"  A2D  “yUUE  SAKE";  CTKEE- 
-  Vi FZ  TYPE  Y  -  - >-  ,^-r 

r  *«  ;  ‘  ~  ~  *i 

*  **  SI  73  CJ.FUTEH  ** 

**  I  .  FICFJLATICC  PSOSSAK  ** 

**  •  -  ** 

**  DATE:  GI/24/72  *  TIKE=  IS. 16.57  ** 

♦*  ** 


**  PSICT0U7  C_-  1 C?U7  P50CEAB  *♦ 

IZCTZP  rHSSSIS)  » 

£  sIFCSZTE  OUTPUT  rr.CGEAK 

-FHCf-CJ  .^(i'u)  FILL  -  ’ 

:  430I2SG0  E5  -iASESSOO  EC  64555255  EC  54340332  ES  50030300  E3 
CL  235  LCC  CL  .1  E2  £XEC<C*IS4>  ZJECO  KECCS) 

P3CCFF)  *  *  - - 


HZflLTF  EI.-.5LAT3C2  *» 


•»V  m  •*“ 

SIFCFZI 
DISC3E7 
DIFCPET 
MFCP.ET 
MFC5Z7 
MFCSET 
i^X  SC---Z  i 
TIFCEET 
tISCSET 


a£CSIi:;S  SPECIF*  i 
:  OUTPUT  LICE  3  :C 


in 

FISCAL 

UT 

FISCAL 

UT 

EiGFAL 

-ri 

FISCAL 

v-I 

FI  SEAL 

•JI 

FISCAL 

1*7 

■SC.'.ETE  ;ui?3i  LICE  I-  •;  ■;*  a  ~ j ~ 

3FCEETE  OUTPUT  LICE  I  TC  -AS  A  ”i" 

1WS77T  SlirJT  il'T  *;  S'  -;r  :  V 


MFC?. 
MFC?: 
CISC.-. 
I:  SCE 
K  SCE 

'  ?  ex':- 

>1.  V-,- 

DISC?. 

DISCS 

circE 

VI  TC?. 

disc?: 

MFC?. 

DISCS 

MFCS; 

Disc?: 

ns  ~**r 

-I  •  .  V.  — . 

»:rp: 
—  •-  *-v 

ni  fCC; 

K!Ci*9: 

circs! 

vi  pc.-„ 


C%J  ir  JI 

LI  CE 

*! 

£Ar 

A 

~i” 

Jc:ipui 

'.Jl.'Ui 

-A; 

i_^ 

...-2 - 

•  «2. 

«■%*  ir  w  Sf 

Ll-£ 

—  i  :« 

;-;c 

n 

2 

vjTrJI 

»»v  S>  • 

LI  CE 

Ll£C 

2>I 

* 

n 

j. 

. CxPil: 

tx  a. 

-!3C 

r.v»? 

n 

i 

VvS?4T 

CSTPvT 

LI  CE 

Mac 

»<«.* 

A 

£ 

Kirill 

vlr  irU  i 

LICE 

:$ic 

v;c 

A 

'  £  ' 

-ii?GT 

w%t  :2  Jl 

*  t  "r 

“  s  ^ 

#% 

^  < 

wTPUT 

L!  CE 

■  j  •» 

c*  r 

! 

7’;7?v7 

DJipyi 

LICE 

r*  i  £7 

•*;r 

A 

•  " 

*  #22  v X 

CJirtil 

17  -£ 

.2  i  5v 

j.;;r 

a 

~T 

Cl.TPUI 

.‘-GIPUT 

LICE 

Z1CZ 

:cf 

t 

.'UTPL'I 

iU*I?UT 

■  : 

?25C 

FAF 

.** 

‘  i ' 

•L:i?vT 

**i*  •  •"  \l  1 

Li  LI 

:■;  p 

f- 

r  I 

CCIrOI 

•*I?  •  T  «|  2 

LI  L£ 

L15C 

2lA. 

J 

*(2  *»  • 

CUTPuT 

Li  L£ 

DC-'C 

HAS 

1 

CirC=ETE  OUTPUT  LICE  Z25C  HAS,  A  j’  CUT* LI  MS 
DIFCEZTE  COT?yi  LICE  .’ECO  EAF  A  ~!~  .‘.CTr  U  7  fj-j 


•''*  -  1-7  -  -  .'..7  •  I  .  i  —  D 1  rioCAL 

EF.ECvT:~cr‘:-cc*i:  e-.ci ic„:  s.- ici.-i.-.c  -  ?=cscak  tes;-u  cates 
TC  =3s  ac: IKED  ;'.  .:c:d.:  s^.'E  "  c.:  ??  •?  type  'halt”  -  halt 


TFyT  SI  GCAL 

fiscal 

.C:rCl  fiSCi.5. 
CcIF'J:  FISCAL 
-CIPU:  FI GCAL 

■**tV ?!7  r* 
v^ir JI  f  j  uZAt 

~%J7rsJ7  f  1G1*L 

«>*  ;r  *»J  Flu^tL 

^;?U7  £!GX*L 

-;I?v7  fiOStl 
i  /•?*«}  5*I**SrtL 

~;i?v7  r-G^iL 

*  #2?  1  fwilAL 
.*i;r?’J7  5I27AL 
-UlrL’I  riG^AL 
^i?v*l  fiszsu. 

•*— I*  w i  ;  x  J.rtL 

•*«  j?  i!;  ?!  GV.«L 
i‘L*7  J  LI  ri5L*L 
2r  >!_  r •  L 

hi?af 

^sFUT  5!G^L 

T  <* 2  "-•£. i 

•  »  ••  ••  •  .  •  V 4. 

-  J:.-St  r  I  GCAL 

:r?Di  fiscal 

S.-  bC  l  tl  7.C  -  ?r. 
,;  C;  y  TY?c  *H 


X  X  X7w»*  »*  —  ?  . c 7 j '• . 

IS^2.5C.SsC?  : 


:•  ~C  Tl iCH  = 

i 


•  SS2  SEC 


Vi*A; 


GE/EE/72-7 


Example  Frcnxam  Humber  Jj.  The  program  for  this  example  uses 
the  biliary  output  instructions  (3CA JBGB,3CCj_andr  shows  the 
binary  output  capability  of  the  simulation  program,-  To 
interpret  the  binary  output  listing,  the  reader  should  refer 
to  Fig,  13  in  Appendix  C. 

The  flowchart  for  example  program  no,  5  is  as  follows: 


START 


FB(OH)  MR(OM)  ?S(OlO  SVJ(OIi) 


noaa 

Program 


Trace 

Kodes 

Display 

(A>) 


i{OS) 


A*- 40000 


Execute  10 
BOA 

Ins true tns 


PS (OFF) 


GE/ES/72-7 


IF  OUTPUT  IS  JO  BE  DISPOSES  TO  PHI27SH  TY »£ 
MSE  TYPE  0-5  ’ 


ASD  “reus  SAKE"; 


C7HEH- 


**  M 

**  Dl 73  CC2PU7F3  n 

CATE=  G 1/24/72  TlKEr  20.10.14  ** 


Dl 73  CCHPUTSH 
SIMULA  il  05  PHCGBAH 

01/24/72  TlKEr 


« 


FRI STOUT  CF  ISrUT  PHSGHAH  *» 

— (ESTES  PES32AH7 
S  31 BART  OUTPUT  FRSG2AH 


PH <227  553 CDS)  FSC03J  £2(22}  FILL 

44C23201  £2  40321030  E3  -'DC-31300  ES  40041  COO  £3  40051000  H2  400S1000  £3 
40371233  E2  40131000  E2  43111030  £2  43121300  E2  40131000  EE  43302203  E5 
CL  201  LCC  08400300  EC  2CF.U5}  Si  GCAL  2ESC4  2)  FEtCGl 
PK(3FF7 


RESULTS  CF  SI  HULA 71 C2  « 

SI  GCAL  03  -  -SIDES  SILL  5E  72ACED 

HASTES  EESs.I  SESOESCE 
PSEPASE  TO  tVESATE  KOBE 
SYSC  BIT  CG32IEH  1  HOSE 
STAC  BIT  CCU3TEH  2  ESSE 

SM)'u2)C(U  *  IDLE  SIS-;. GDI  OF  HftEUftL  HALT 
PREPARE  13  COMPUTE  SS3-X52E  OF  ESCBAL  HALT 


CCHPUTE  MODE 

TEASSFE3  ISSTHUCTI25  -  (THAI 

-  2(24-17  :  003  COO  100  C-33  030  033  000  000 
CLcAR  c*  ADD  I  -S  j HcC HOI  —  (CLA7 
A <24-1 7  =  303  300  1G0  000  003  003  003  COO 

MSART  OUTPUT  “A”  I2S:=JJCTiCS  -  (SCAT 
o?  EASY  .MiTFU'T  C3  LI2E  GiO  CF  4-1 
A  (24-17  r  030  003  01 0  000  053  COO  030  000 

EIJSHT  OUTPUT  "A*  IUSTECCTICE  -  iBCAJ 
31  EAST  OUTPUT  Co  LICE  310  OF  +1 
A  (24-1 7  -  033  000  GQ3  300  003  DOC-  000  003 

51  EASY  OUTPUT  ’a~  ISSinUGUUS  -  (BCS7 
5IJSHV  OUTPUT  02  LICE  CIS  CF  -1 
A (24-1 7  III  111  HO  300  003  30*3  000  000 


85 


GE/SE/?2-7 


O 


3ICA3Y  OUTPUT  A  ICSTSCCTliS  -  (3£ft5 
oiSHT  OUTPUT  03  LICE  CIO  CF  +1 
*  t2'*  1  >  =  SCO  333  030  020  023  020  OC-O  COO 

31  SET  OUTPUT  ~t~  l;5:El~TI2:  -  GSJ) 

31  SET  OUTPUT  02  LICE  GI!  CF  -S 

ft *24-1)  =  111  n;  no  SSS  000  000  ODD  CCO 


3IE.TET  C3IPBT  V  ISSTLCCTIOS  -  SCSI 
cl  SET  C3TPU*  C3  U^£  G1C  CF  +1 
ft£2-4-i>  =  520  503  005  535  COO  353  03a  C-23 

51  SET  C31?3I  "a"  !S5IHKTjr3  -  BCD 
51  SET  OUTPUT  CH  UK  G1I  ir  -I 
A£2C-13~=  111  111  no  COO  COO  323  033  233~ 

El  SET  g)l?3I  “ft”  ISSISKUC2  -  (ESA) 
BISET  OUTPUT  03  USE  CIS  CF  +1 
*  *24-13  =  CSS  033  e-SO  C-33  033  050  COO  530 

E13ST  OUTPUT  *i*  I3E7SCC7I22  -  6GJ 
5!  SET  OUTPUT  C2  LICE  SX1  CF  -1 
A  *24-11  =  111  111  110  COS  030  353  323  023 


SISET  OUTPUT  A  ISSIP.CCTICS  -  SJ3J 
E;  —  »ET  OUTPUT  S3  LISE  £13  2F  ♦! 

AC24-1)  =  352  0 SO  320  033  323  233  333  030 


c*lT  A  3D  PSCCEED  IJSTSSKC:  -  «?2) 
?K^i=  HALT  FJ3E 


P22E2  HAS  3i;J  TCE2ED  CFE  _ 

TO  £SS  AS3THE2  PECSSS  TYPE  ~ESZ  z  7C  rTC?  TTPE 


«  E2D  SF  FSSS3 
ZS.lS.Ii^TC? 


.£53  EEC 


o 


86 
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Exasole  Fro.trag  Dunbar  6.  This  example  is  a  progras  roiieh 
uses  the  voltage  output  instructions  (VGA  ,VO£9¥6C)  ssi  shews 
the  voltage  output  capability  of  the  simulation  prpgrss.  To 
interpret  the  voltage  output  listing,  the  reader  should,  refer 
to  fig.  14  in  Appendix  G. 

Tiie  flowchart  for  this  exascle  is  as  follows: 


STABS 


Bi(0;:)  KS{G2I)  PS  (OH)  Ei*(OH) 


Load 

Frcgraa 


Executions 

Alicued 


K{B*U-i>  K3(03) 


CLA 

A<-0 

P(>lT=00i 


ADD 

A<e-A*4GGG0 


^  is  ^ 
Execui. 
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**  vlS  CSsPOTER 

**  *  SIMULA  TICS  PROGRAM 

** 


**  DAT£=  02/37/72  IIK£=  20.40.04 


**  PRI STOUT  SF  IJIPOT  PS5SRAK  ** 

(ESTER  PER-SRAK? 

S  VOLTAGE  OUTPUT  PRSGRAH  _ ' 

P3(8S5  mi S3>  FStZU'j  Z212P.1  FILL 

40017200  ES  44020201  ES  40033090  £S  €4020202  ES  50000932  EE 
CL  23!  LCC  CL  fcS  CL  2C0S0G  ES  EXEC ( 0320}  XCRU5J  iiR(CS) 
PRC3FF3 


**  RESULTS  SF  SI SOLA  TICS  ** 


ES.  OF  EXECUTIONS  SPECIFIED  = 
PRASE  REGISTER  -  P(5-!>  =  001 
VICS-n=  00000033 
VOLTAGE  OUTPUT  IS 
VK6-I):  00803301 
VOLTAGE  OUTPUT  IS 

vi(8-n=  ooaoosio 

VOLTAGE  CUTPUT  IS 
V1(S-1)=  0DD0C01 1 
VOLTAGE  OUTPUT  IS 
VI(S-l>=  GDG301CO 
VOLTAGE  GUTPUT  IS 
Vl(8-i)=  89030101 
VCLTAGE  OUTPUT  IS 

vi<s-!)=  oooeoiie 

VCLTAGE  OUTPUT  IS 

vics-n=  oooooiii 

VOLTAGE  OUTPUT  IS 
KS.  OF  EXECUTIONS  HAVE 
TO  RUU  ANOTHER  PROGRAM  TYPE  RUN 


20 


VI TK  A  VOLTAGE 
C3  LINE  VGil 

OUTPUT 

OF 

o 

y 

o 

o 

VOLTS 

ViTK  A  VOLTAGE 
88  L! KS  VS 11 

OUTPUT 

CF 

.IS 

VOLTS 

UITH  A  VCLTAGE 
S!f  LIKE  VOll 

OUTPUT 

OF 

♦31 

VCLTS 

^ITH  A  VOLTAGE 
CH  LIKE  VSU 

CUTPUT 

OF 

.47 

n 

JS 

> 

VI TH  A  VCLTAGE 
CS  LI  SS  VOll 

GUTPUT 

OF 

•G3 

VCLTS 

VI In  A  VCLTAGE 
311  LIKE  VS11 

CUTPUT 

OF 

.78 

VOLTS 

¥1  TH  A  VOLTAGE 
08  LISE  VSU 

OUTPUT 

SF 

.94 

VOLTS 

VI TH  A  VOLTAGE 
SU  LIKE  VS 11 

CUTPUT 

CF 

1.0S 

volts 

NO.  SPECIFIED  - 
;  TO  STOP  TYP: 


PROSHAS  TERMINATED 
'HALT*  -  HALT 


**  END  OF  FRCGRAH  EXECUTICU  TlriEr  .771  SEC 

20  .45. 04  .STOP 


mm 
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Sxagple  Prograa  ISunber  2.  This  prcgraa  is  an  example  of 
a  prcgraa  imich  uses  all  the  shift  instructions  of  the 
S17S  computer  instruction  set.  Mode  tracing  and  register 
display  are  used  in  the  compute  node  only. 

The  flowchart  for  example  prograa  no.  7  is  as  follows 


S2.4HT 


IF  ZUirUI  IS  73  =E  DISPOSED  13  PSICIE3  TYPE  A=D  *TS32  Eai*;  CTKI 
VISE  TYPE  a  -  S 


D!3  CCSPUIEH 
SI5&A7IE3  PHC32AB 


3A7E=  01/24/72 


T12E:  19.56.25 


~t£3IE2  PHSS2AH) 


•*  P2I5IS3T  CF  I=?57  ?235£aii  ** 


S  SHIFT  FSDS2A5 

?2(S2)  S(5S)  FS(S3J  3.(33)  FILL 


CL  201  US  0376-3057  E2  HCSL  =£SiSIS(a,S)  KESS)  SC3) 
PE COE?) 


4*  2ES5L7S  OF  SIE3LA7133  ** 

SIG3SL  C=  -  F2SE7  -ILL  3E  72ACE9 

ESSIES  HESE7  S25UEKE 
PHEPASE  73  2PESA7E  EJDE 
srsc  six  ccss-es  i  sode 
ST 32  517  CCaaiES  £  K35E 

CH)  3(2;3(j)'  IDLE  SAS-7502E  -E  jaSDSL  HALT 
PHSPAHE  73  CSSPCTE  SIS -/DDE  rF  E4ACAL  HALT 


COMPUTE  E3SE 

IPSAS EES  5SSTEEC7IC2  -  (TEA) 

S 124-1)  =  033  300  SIS  IIS  COO  020  011  111 
CLE4S  *  ADD  ! =£72537133  -  (CIA) 

AC24-1)  =  00-3  COO  HI  HO  D?0  ODD  311  III 

iCCE3L475s  LEFT  SHIFT  i=S7SL~7IC2  -  (ALP) 
nt£4-l)  =  SU  ill  033  033  301  ill  133  030 

ACCSE9L&732  Hi <37  SHIFT  IES7EU37IC3  -  TASS) 

A (24-1)  =  933  3-31  11!  100  303  030  ill  HO 

FPL7  i  .^CCV.Wl. - c*--  - — —  ‘  -  SHIFT  I S5720S 1 1 3=  —  (SAL) 
.*.(24-1)  =  5-3 i  lil  *33  007  700  HI  HO  303 

SPLIT  ACCS38JIA702  2ISHT  SHIFT  5 ^TLCCII 55  -  (S3. Si 
A (24- 1)  =  030  001  HI  137  733  0-33  II!  110 


_ 4- 


sunn 


i.-ii.’ulhiu  »  i'-iiinTrr--r  i-m-i-n— ■ -rtnin  nmn  iitit  i  ■■  mi  j,— -t— Trfrti-^f— ■■■■ . — 
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71.  Conclusion 

A  software  simulation  program  of-  ttoe^Inutensn  D17B 
Computer  k»s  written  to  simulate  the  funr; ticns  of  -fee  D173 
coaputer.  The  objectives  of  this  simulation  were  to  have 
the  simulation  program  simulate  the  aetial  computer  as 
closely  as  possible.  This  objective  was  mi  because  the 
majority  of  the  D173  functions  have  been  included  in  the 
sinulaticn  program.  She  loading  and.  interaction  functions 
of  the  nancospute  sods  have  been  used.  In  the  compute  sods, 
the  searching,  reading  and  uniting  mesory,  225a.  instruction 
execution  are  all  part  of  the  simulation  pre-gram,  liherever 
possible,  the  same  algorithm  implemented  on  the  D172  was 
used  in  the  simulation  program.  Shis  approach  resulted 
in  some  inefficiencies  in  the  simulation,  program,  but  a 
by-product  of  using  the  sane  algorithm  is  that  the  simulation 
pregram  can  be  used  as  a  teaching  aid  for  learning 
the  operation  of  the  D17B  computer.  Also  error  detection 
was  built  into  the  simulation  program  and  has  been  very 
helpful  in  creating  program  tapes  for  the  1>I73  cospater. 

Bccossasdations  for  Future  Study.  There  are  some 
D17B  cospater  fias-ctions  thlch  have  not  been  incorporated 
in  the  simulation  program.  Tso  of  these  functions  are 
associated  with  real  time  control  processing  and  include 
the  capabilities  for  incremental  inputs  and  fine  count¬ 
down  operations. 

The  DI73  computer  is  capable  of  detecting  and 
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1  5 

incrementally  adding  bits  of  information  to  the  words  of 

■  » 

the  Y-lcop  and  H-loop  without  program'  control.  '  Also  when* 
the  EPC  (enter  fine  countdown)  instruction  is  executed,  -the 

i  * 

»-Jr”  **  X 

coanuter  goes  into  the  fine  countdown  mode.  In  the  fine 

’ 

countdown  mode,  the  Y-loop  and  U-loop  are  linked  together 
forming  a  digital  integrator  which  operates  without  pro-  i 
gram  control. 

, 

The  incremental  inpat  and  fine  countdown  *isode  func¬ 
tions  listed  above  would  be  important  if  the  simulation 
were  to  be  used  for  real  time  control, — Sisce-this  was  not* 
the  original  purpose  of  the  simulation  program,  these 
functions  ara  not  included.  However,  the  fine  countdown 
instructions  (KFC-halt  fine  countdown  and  EFC)'  and  the  • 

instructions  which  store  and  unload  isiersstien  fron  the 

* 

Y-loop  and  B-lc-op  are  a  part  of  the  simulation  program. 

Also,  a  subroutine  for  storing  incremental  data  supplied 
by  the  user  into  the  Y-lcop  and  3-loop*  is  a  part  of  the 

A 

simulation  program.  Sue  incremental  input  and  fine’  count-  . 
down  node  cauabilities  described  above  are  ISaorovemants 

5 

that  could  be  added  by  a  thesis  student  who  is  researching  . 

the  area  of  real  time  control  applications  for  the  D175 

computer.  *  s 

*  * 

Another  recommendation  for  future  study  would  be  the  1 

l 

creation  of  an  assembler  for  the  DI?3  computer.5  The  assea-  ! 
bier  could  be  written  for  operation  on  the  CDS  6500  computer. 
The  assembler  would  accept  as  input  3  program . written  in 
Di73  masonic  coding  and  output  on  punched  tape  a  machine 

=  i 


l 
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: 
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language  version  of  tie  program.  This  nachine  pisngusje 
program  on  the  punched  tape  could  }then  he  supplied  as  data 
to  hoth  the  -D173  computer  and  the  simulation  prograa. 
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C?  T9  *s 

T=  I7“f5.2725» 

'S  *0  2» 

S.5  M  7*  l.S 

ifncx.siJjj  -5*  *e  «; 
!fcr5??;is»u.=I.tH.Wl  *9  TC  *5 
30  Si  II *1,29 
Ifitsa3r?sij.:ij=r:»i  q  tc 

2  27*1  u 

?:  cpm** 

55  13  s:  U»:tci,l» 

ct  tj  <5 

-r  cc^irE 

S  sr,Jui»,2.iiita*^tKi,Ks*3i,l:» 
a=2*I*5,2C*I»  *3«=StI21,I2=rttV,ISl 
sa*ii 
S»  Tf  *5 

»*  S-'I'B3»U=K:«11  .;C.3f Kill  TC  TO  125 

!;isT;;h»<.*!i.'C..ii2?ii  go  tc  J*i 

-  GC  TO  55 

7*  l«’l=«>?c,sa.*ll . :C.i:{Ull  U  *e  2*5 
if .;c.T!i2u;  sc  to  sit 
:nsa»3ls^>*!l.|r.T.'l2»>  GO  TO  25* 

SC  TO  55 
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!r  i  g*  to  25* 

:»lira3KKl»».£C.T:e2Sll  SC  TC  255 
SO  TO  55 

ss  :risssiBai*2i.£c.«£ii;n  sc  tc  *21 
:r«=N;i'Oi*ii  .£c."wi:mi  ?e  to  2** 
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:rcaT5ji:su.ii.r.-ri.?>/si5=:BKu.*5.nm 
:r>-^;5i;i-:,'.>-i'.='i=i.:=.-wi==iJCcii.£i.  =-«•»» 
sc  To  115 

c 

fTKfsi  o=  ecu*.  cm 

ics  ifj»:nu.K.:i  sc  to  iss 

■»  121  I1«1.S 
12?  1*1111*5 

.  :f  i=c«rsc3t»  .=c.*sm  s  1 .9».=J5>;  i-cci i .=c.x.  1**1 
i*ic?»=it:cii  .;:.ki=i  .c*.«*?c«cti.5V=ini 

*fis*a:;«ii.ie.tsi»i.c»jw=5tKcii.n.«i'i» 
IFlJ=fcO=-*sCCl»-£S.r»i  ~i  .e=.ir*c=r-isccs.»  .rc.s=«*j  » 
?:  «=c=s*sccii  .=c.s=f =1  .c=.srr=r i«ci»  .£V.s«u  1 


»23C,2*3» 55,279, 


IT  **1=1 
IT  *51=1 
57131*1 
IVI3l*XTt?lsl 

m:*i 

IT  111*1 
=7*11*1 


n 151*1 

17151*1 
IT  121*1 
17121*17121*1 
IT  121*1 
17111*1 
17111*1 


SIS 

ni¬ 

si? 

si** 

si- 

sis 

SI- 

SI* 

sc* 

Si* 

SI* 

SI* 

SI* 

SI* 

SI- 

SI* 

sir 

SI- 

SI- 

SI* 

SI- 

SI* 

SI- 

SI- 

Sir 

SI* 

sis 

SI* 

SI* 

SI- 

SI* 

SI- 

SI* 

SIS 

SIS 

SIS 

SI- 

SIS 

STS 

sis 

SI* 

SI- 

SI- 

SI* 

SI* 

SI- 

SIS 

SI* 

SI* 

SIS 

SI- 

SIS 

SI- 

SI- 

SIS 

SI* 

*IS 

SIS 

SIS 

SIS 

SI- 

SI- 

51- 

SI* 

SIS 

SI- 

SI- 

SI« 

SI- 

SI- 

SK 

sis 

SI* 

SI* 

SI* 

SI* 

;i» 

SI* 

SI* 


sir 

SI* 


ss 

ss 

97 

.00 

09 

91 

91 

92 
•I 


97 

ss 

59* 

IS* 

1C1 

1*2 

193 

19% 

ISS 

1H 

1ST 

ITS 

1(9 

110 

111 

112 

113 

m 

us 

us 

117 

u* 

US 

12c 

121 

122 

123 

12* 

S2S 

iff 

127 

120 

129 

52C 

131 

132 
•23 
13* 
135 
135 
137 
230 
139 
1*G 
1*1 
1*2 
1*3 
1** 
1*5 
1*5 
1*7 
1*0 
1*9 
ISS 

151 

152 
IS¬ 
IS* 
155 
15ft 
157 

153 

150 
1*0 

151 
1*2 
ill 
15* 
1*5 

m 


GS/EE/72-7 


M  TO  155 


••Rissuna  y  i«n  cm*s 

S-5  !rC»3-”.;c.U  SC  1C  151 
OP  1^5  11=1,5 
ii*  mm  =3 


!fHsn-3l3^i.l.l‘i.U(RI.Cl.SC>3MCCU.13.MUlll  IlllJil' 
ingBiKan.Hjintfn  ni!i*i 

!fisna3«^a.«».:c.i»tKi.M?.ss:tnicai.£:.wii3ii  nmn 

Ifl^C’lltCXI  211  .C*.»CH*IX£Cll  .MiSUU  1 

!nti5?;ii:eu,;c.wi:!i.s».aua*wsu.*i.Bi;ai  man 

■ii!s?i;KCii.*c.isi;»!.ja.,a^:i«a«i.»a^»ciiii  nmn 
m«»;iiaii.:c.u£!n  .cx.ns?;:Kcti.£i.Kcu2ii  nuin 
jfis7cni5:ai,sC.Ki:«.fi.tr!!sa:tu.iC.s!ij*ii  zniisi 
1-5  iCXnlXM 

tff=rCt.S?-7Zf  SC  TO  155 

:?«<=tr;u5!u.£c.i3i  n  t#  is 

se  :c  145 
if.-  =:nna,K«r 
V1T£  14.25451 
SC  T*  155 
C 

C3~£-rr  •*i%ita*xisc  y  «i:«  laser  u» 

155  nneii 

•*c  1(£  1 1=1,« 

If ir»coija.*£.,n(ii  ij’i  .r£.mai  sc  13  1*5 

mwu*? 

lfi-s:ij«;3i.i?.siKn  in 5-111=1 
RilM 
is?  cwme 


ircst>j(3Ki>»  .a .i?um  k  ie  its 
<a«aits 

sc  *3  45 

:*$  2?  12:  u»tci,n 

I?lSscC?CIIl».Ta.V*lM*»  (C  T*  17* 

17;  rtSIl-S: 

i7*  s-:m«,»rs:»53!?iriri,jincti,iii 
*=2i**4,255i»  rn3-ra>i,nnca,iii 
i«i*n 
MT|« 

1:^!  -•nivu.m-r  s*  u=w  sicai 

UJ  *CClr-.tX«l 

PWWl.iT.1’?!  S3  Tf  «« 


S3  ie  is 

;r  n  m 

IK  T*J1 


m:*.=c,c-a  g  7c  ii- 

I=«SI'3,il.y  SC  73  5*7 

ini;r..£j.n  «  *c  »is 

a»IT£IS,K551 

»=IT£«4,2S55» 

5C.T3  IS 

151  *»ITrf|,iu31 

?e  tc  45 

e  . 

C7KW  3=  Ctr»Bl:  S^-ITC* 

1»5  ;Ftss*^:SSt,II,:t.i=lKn  S3  TC  III 
irirsc55tscCl«»l.=C.'»=7S?lJ  5®  II  2S5 
!7«H«3Rai»»l,:C.7HWI  S3  IS  71* 
s’lntt.KHl 
5C  T9  155 

**su*u 

S?  79  215 
215  Cs-HT 
SC  TC  215 
21-  5**«s 


21*  ia-«a.»i 

iri^cn.R.ni  '■*  to  223 

:*o«*:iscu.jM«i*-ao  S3  ic  22* 

SC  T*  215 

7*5  If  KnS.i;.:.T7],T.f3.*c:i  SB  73  42? 
;rK«I\j,jc.;.«;.*,T£.»:ln  sc  7C  57* 

if»ss«s.;e.i.jt;,f.i?.niTi  cc  7c  uc 

S3  TC  5 is 

SC  TC  45 

e. 

c?-i*s7  «a.ra  ;nonr 

■T3.*ranc#i*i  .  - 


51* 

IB 

SP 

155 

si- 

155 

SIS 

17? 

«*2 

171 

.SI- 

172 

SI* 

-  ITS 

SI* 

174 

-SI¬ 

175 

MS 

17* 

SIS 

177 

SI- 

175 

SI* 

175 

SI** 

153 

SI* 

151 

SI* 

1*2 

M* 

153 

SI* 

154 

SI* 

15S 

SI* 

1*5 

SI* 

157 

SI* 

1*0 

ST* 

195 

'  SI* 

15? 

SI- 

151 

SI* 

152 

SI- 

153 

SI* 

154 

SI- 

155 

SI- 

155 

tr» 

157 

si* 

155 

SI* 

155 

Sir 

235 

SI¬ 

221 

SK* 

222 

SI- 

233 

SI* 

714 

SI* 

c35 

SI* 

ZH 

SI* 

237 

-  SI- 

213 

SI- 

235 

SI* 

211 

SI* 

711 

SI* 

212 

li¬ 

711 

st- 

214 

SI* 

715 

IP 

711 

SI* 

717 

ST- 

219 

215 

SI* 

225 

sir 

221 

"  51- 

727 

ST* 

221 

SI- 

224 

SI* 

225 

SI* 

774 

SI* 

22» 

SI* 

225 

SI* 

225 

SI* 

233 

SI* 

231 

SI* 

232 

SI* 

233 

SR 

234 

SI- 

235 

SI* 

335 

*1* 

23* 

.  SI* 

233 

St* 

235 

ST* 

2** 

SI* 

241 

-  SI* 

242 

SI* 

243 

Sir 

344 

Sir 

*  245 

SI- 

245 

SI- 

247 

.si" 

143 

5 


-  GE/2E/72-7 


IFIrt-Ct.CT.72l  <S  TO  U 

SIS 

irisss^istcu  .jc.t2i:-Kj  u  tc  *s 

SIS 

251 

sr  "  225 

51- 

251 

c  - 

sis 

252 

Knifl  ••i*;s-u,ia  9*  jin^T/tc;;i  cesiscitics 

sir 

253 

in 

2S*i 

sc  TP  225 

SI» 

253- 

225  ?ian*i 

Sir 

2SS 

ST  TP  225 

.  SI« 

257 

c 

SI- 

2S3 

ss-nriT  a-  sicui  comm 

SIS 

25* 

2il  Ifl«|5«l.£C.:J  SC  -C  2*S 

SI- 

?H 

«swi*i 

SIS 

m 

»iTr«tj;»:i 

SI- 

2S2 

SC  TC  225 

SI* 

21? 

2*5  «1?9«.*2 

sir 

n* 

scIH«.j:t5i 

SI* 

255 

ec  T9  225 

SIS 

2U 

c 

ll« 

257 

ci«??  «isi7aiiia;  s-  quc  kk  SEKunta 

SI* 

»« 

k:  »j9t« 

sie 

259 

sis 

279 

~-C  »6  225 

sir 

271 

25?  ss*"*9  - 

SI!* 

m 

c#  T|  2»S 

SI* 

273. 

C 

SIB 

27* 

C2*a2*r.  ••T.'MSLtnac  :*  csatt«  sijtin  cocin 

SI- 

275 

»i  cm  *£«i  - 

SIS 

279 

£C  T9  %S 

'  Sir' 

277 

c 

SI* 

279 

CSiint  ••T»ssi«|*  a?  sirw  cisfut  CtTUW 

SIS 

279 

»5  CUl  9£TSW 

sir 

2*1 

SO  TC  *5 

SI* 

291 

c 

SIB 

292 

C'.TrTTl  »=■  IsRSKBTil  1  aK«TE  ItflT* 

SI* 

293 

Z*3  cut  ?is  * 

SIB 

*  29* 

SC  TO  *5 

Sir 

2*5 

225  cm  *13  T 

SI* 

299 

59  T9  ti 

Sir 

297 

23?  CUX.  lac  t 

SI* 

299 

CO  TC  *5  -  - 

.  SI- 

293- 

j**s  cm  j«t  .  -  ' 

SI- 

2*0 

SC  T9  *5 

Sir 

»i 

C 

SI* 

292 

CKSTT  •*PVAJU£*  3-  SIJKrt  ^r~H  ai?*l4> 

-  «• 

*33 

r-:  ysi 

sir 

29* 

SC  to  225 

SI- 

MS 

*C 

SI- 

2*9 

C3t*2t»  •*piTju::ct  3-  j«::ncuie« 

«;• 

297 

225  CrstJqC 

is* 

299 

?J3  =KL«W3L»1 

51* 

299 

IF  «■=*«.. ?7  .72*  33  TO  »■* 

Sir 

339 

!rir«753CCS.KiC.U*^M  S3  TO  225 

SIS 

391 

SC  TO  311 

SIS 

312 

255  3C  SI  IS*!,* 

SI* 

H3 

■K  21.  22*1,1': 

Sir 

33* 

;TB3TSir.a*.»!H.f*.U!anai  K  TC  2*5 

SI- 

39S- 

23  2  CM3"#: 

SI* 

359 

Sir 

317 

an  t =**,»;»?» 

SI* 

350 

so  T*  225 

«I- 

399 

si  a-n?c;i}siM 

Sis 

319 

SI* 

211 

list 

SIS 

212 

txsT 

SI* 

313 

SC  TC  225 

SIS 

-1* 

e 

srr 

215 

cstssr  ••T»*a>iiTjr*  r  ?«  j  k  n*s*i;f  j--n:«ej 

SI* 

319 

ir:  viv*r:^n*3i.-M  i;i:  sc  j*  si 

sr.- 

21* 

Sir 

31* 

Jf  TC  225 

*  SI* 

-19 

”5  S*1 

Sis 

32C 

SC  TC  225 

SI* 

221 

32i  ir  uca*ii  .:c.tJt2n  ss  is  ns 

sis 

322 

n*j 

SI* 

323 

SC  T9  2?s 

SIS 

32* 

325  •*«! 

Sir 

329 

SC  TO  225 

SI* 

329 

C 

SIS 

327 

C9*«*»  «^1SS*1«0  Zf  FTtL  SK2TC*- 

Sir 

32* 

«a«23.‘» 

Sts 

-29 

iFc=ta.«.72i  so  to  ns 

SIS 

339 

.  cc  to  2«s 

sis 

331 

A-4 


GE/EE/72-7 


ee  to  3*5 

-  SI** 

332*- 

345  FS=0* 

SI* 

333 

fFIFSSIS-S5.il  SC  7f  549 

SI* 

334 

:HF$'K.£C.2»  «C  TO  «7I 

51* 

33S 

<C  TC  45 

SI* 

33ft 

SI* 

337 

a-rirsf  «K»a»»iK  cf  csis-STcJ;f£  a-H£  switch 

"SI* 

33ft 

;5E  IF(iSCi;KCCl<(>.fC.13£SU<l  CC  TC  35S 

SI* 

339 

If(^033(«CL»«  .£C.J-Slfl)  CO  TC  3«* 

SI* 

340 

T»IU(afni:> 

.  SI* 

34* 

SO  TO  155 

SI* 

342 

255  sitzoa 

St* 

343. 

so  to  m 

31* 

344 

353  £»'*OFF 

SI- 

345 

CO  TO  225 

SI- 

34ft 

SIS 

347 

••I«53UT!C«:  CT  SISCS-TE  S-ITC- 

SI* 

340 

3=5  Ifl>&rf=(e:a»il.EC.ir-:snil  C c  TC  373 

SI* 

349 

;f|»?-:3«XCl«l.=6.,!=it«lll  CO  TC  37* 

SI- 

350 

«=IIflE.Z!1SI 

SI* 

351 

SC  to  155 

SI- 

352 

373  KsW 

SI-  . 

353 

SO  TO  225 

SI* 

354 

■*75  5C=0FF 

SI* 

355 

CC  TO  225 

Sl=- 

35ft 

SI* 

357-: 

•t?HftiTKi  c?  r-FCTMlCM.  !«Ct  S-ITC* 

SI* 

350 

?J5  Tra-ita.»t 

SI* 

359 

!l  CC  Tfl  ?« 

51* 

TftO 

jFisssw.sai.io.w.’j.a  co  *c  3es 

SI- 

3ftl 

SO  TO  333 

SI* 

302 

=15  !•»!« 

SI- 

-  3*3 

Kli'ti;.‘3.11  SC  TO  542 

SI- 

304 

er  TO  45 

SI* 

315 

SI* 

3ftft 

f*<»t  *»=r-l;=-£i/3F  «»£«£ 

SI* 

307 

2-«»  2=B=ms.ia.»«  .2C.T22SH1I  CC  »C  43' 

SI* 

350 

innrr KJi*n . ic.r=:iEi)  sc  u  3*s 

SI- 

3*5 

•C-IT-IS.21131 

SI- 

37C 

S3  TO  155 

SI- 

371 

?is  ==*crF 

SI- 

372 

»ri?2Wi.£WI  =r=JT£«*#2ii5»  - 

.  ST* 

37? 

-■=i;=«-.,2i:si 

SI* 

'  374. 

SO  TI?  15 

SI- 

375 

»■;  ?*-co 

SI* 

37ft 

in=2?wi.-E-;s  ^niii,?!Ki  - 

SI- 

377 

;t  *e  22= 

SI* 

370- 

SI- 

379 

-  s  s=jir«t2i2n 

ST* 

3*0 

s»«|-|-.,2:HI 

5  j5 

3*1 

so  T3  is 

si- 

2*2 

-1-  =*:T£  15.213s* 

SI- 

353 

s=;*£«*.2JSl 

SI* 

354 

SC  TO  15 

SI* 

355 

-15  =*HrU,2:J5l 

SI* 

35ft 

*  T>:»rU,2ll51 

SI- 

357" 

SO  *C  15 

SI* 

305 

43.  ■ci*r:l.2! 451 

SI* 

309 

'  ='=1(3*4.21451 

SI* 

390 

ST  T*S  15 

SI* 

391 

431  T=Uf«l,2SS;i 

SI* 

392 

sSJTS (4.21521 

SI* 

393 

=pn  i 

SI* 

394 

4-*S  Kli:«>fiKU?KlT15-:« 

S3* 

355 

S53T£  *5.21411  «IWC 

51- 

395 

i=mnt,::«j  lauft 

S3* 

397 

<TC* 

SI* 

399 

- 

SI* 

399 

SI- 

4iO 

•»  ci» 

431 

•  scrr’si'  'C'£  T£C’j» 

•  SI- 

432 

•  ct  N:  iiTT  c:*ns-?  hcsu 

•  SI- 

«S 

••  SI* 

H4 

- 

SI* 

435 

CS*?JT  ♦•OJT*?  IfiK  =i*St!C£ 

SI* 

410 

5'i  IFIT~.IT.CFfl  SC  TC  41? 

SI* 

457 

S-c  =OCt**C3t*l 

SI* 

430 

I«  t=r<X.ST.731  SO  T3  513 

SI* 

419 

yi»c^j=tcu.:3.w.ua  so  tc  si* 

SI- 

410 

SO  »•  535 

SI- 

411 

51*  -57*60 

SI- 

412 

SI* 

41? 

<*jr*wc*3 

SI- 

414 

A-5 


-GE/EE/72-? 


C  1 

c 

C3*-.**r  TC  C=TS.I=  .w 

£?€S fc.nu.2o-n 

»£*!=?  (21  =?tll»3 

s&r^‘3,o‘",om*- 

S»KI=1 
C  5*1 

C  2*S 

c  3(21=1 

5  5»i*; 

C  **;is* 

*s=ors 
c  J*1 

£ 

M>T*!  “IT  CCtrtlO!  i 
!^KK-sU.£O.U  «ITS(*,3J1S1 
c  0(11*1 

c 

-is-tsm  «s»*  ?ir  com£>  ? 

s»=112le,2ri5l 

Wtf  • 

9*!  515  11*1,24 

s«  Kui*c«a 

-  l(iai:llM*se 

to  te  Kf 

CUT.  »£62 
C  9i»>; 

C  «*» 

c 

COZr55,I  m3(«*5I2»-(;»»  2stc  <V--X3F  rt 

■  *ok«i»3Sb 

£  owi|**'£'w‘s,5**,i,?-***in  »  re  MS 

SO  TO  535 

s?5  ir<nr,»i,»c,;, 

c  •Dawi,‘ie**'*:,5,e,,':,’“lT»  »  T-  52? 

»3  TP  57]  -  ■' 

’’J  SCSIJ53* 

c  -5(21*; 

5S  TO  533 


SI* 

415 

sx- 

41* 

tw 

w 

SI* 

41* 

SI*  • 

419 

Si* 

423 

SI* 

42* 

sx- 

422 

Sf 

423 

SI- 

424 

SI* 

425- 

SI- 

-  42* 

SI* 

427 

SI* 

42r- 

SI!* 

Sl- 

sre 

sin 

sin 

si* 

sin 

si* 

31* 

SI* 

SI* 

SI* 

SIS 


525 

425 

Ml 

432 

433 
42% 
425 
47* 
«I 
4?» 
439 
44C 

441 


C 


?*?*■_*** 


5*-: 


3(11*2  . . W  re 

If(K»‘ai.*C.:i  3?IT=(5,2C2tl 
If|FS.£I.«xl  fc  tc  5*5 

-  oi»*;£’*:i*3?*S!K,,t9*J'!s:*l'*,s*Mili  W3  TC 

I*SEfi$SIS*| 

5f  TO  HI 
f~5  ce»mg 
c  K*1 

SC  TO  §25 

5S;  iriSIS-fU.EO.il  mtstt.jrv, 

C  CKJr:  ' 

-  SO  TC-  525 

»sj  rssic*2 

Irjjci; 

C  0(41*5 

•SS  TP  513 

2yR2£F“  -  ~  -ut 

sf*T.*i.Tll  30  *8  *15 
~  7C*1 

Sf»  t;  SJ5 

c  "5  Y'H^-ZZ  '-  =«t-‘5,2:4« 

SS 1X5*1 
*0  TO  «> 

C*^rjr(Fs.^  tr  m**.  *ut 

'  -c  ’X  ••• 


SK 

442 

SI* 

443 

SI*  . 

444 

SIS  - 

445 

six 

445 

.  *AVi 

Sir 

447 

SI- 

44* 

SI* 

449 

mw 

SI- 

45* 

SIX 

451 

SI* 

452 

- 

Sir 

453 

-  m  m 

SIX 

454 

SIX 

-55 

SIX 

45* 

- 

SI*  ‘ 

457 

- 

Sis 

45* 

- 

SI* 

45* 

sis 

45* 

551 

SI* 

4*1 

SI* 

4*2 

SI- 

4*3 

SI* 

4*4 

555 

Sir 

4(5 

Sis 

4** 

SIX 

4*7 

SI* 

4*f 

sx- 

4*9 

SIS 

47* 

- 

SI- 

471 

SIX 

472 

Six 

473 

SI- 

474 

SI* 

475 

Sin 

47* 

- 

Sin 

477 

Sin 

47® 

*I« 

47» 

* 

SI* 

4*1 

.  Sir 

4*1 

SI* 

4*2 

- 

SI* 

4*2 

SI- 

414 

SI* 

4*5 

SI* 

49* 

SI* 

SI* 

SI* 

SI- 

Sir 

SI- 

SI* 

SI- 

SI* 

SI* 


4*1 

4*1 

4*9 


491 

W 

493 

494 
435 
49* 


C 


GE/EE/72-7 


$ 


Iflls.i1.5ff|  S3  le  5*3 

* 

SI* 

597 

!fl«!3«U:C.l)  H?2T*(5,3«.5-» 

SIS 

590 

f<si«=2 

sis 

599 

SC  TO  45 

_ 

SI* 

sit 

52?  IPISI?*l.K.:J  a51T£IS,3;«J 

SI? 

5*1 

C  »r*i 

SI- 

5*2 

SO  TO  liS  * 

SI* 

503 

5?5  CCSTI-UX 

six 

595 

c  o«i=r 

SI- 

5SS 

c 

SK 

53€ 

COSXcXT  TC  C3-HITE  SU^—CTE 

Cf  3U«31L  Mill 

SIX 

597 

E--  Ir(«lf::i.sC.:}  *CIT£16,2SS5I 

SW 

5Ct 

C  09*1 

SIX 

5*9 

C  9*5 

six 

513 

C  «=1 

SIS 

511 

T-EECTsaTI-SsstSISsTSItSsFSSICsU-SICs 

ISIC*9 

SIX 

512 

SO  TO  llij 

SIS 

513 

c 

SIS 

515 

CJT'fSI  ••all!  *3J£ 

SIS 

515 

e:s  Tsicsi 

SIS 

5» 

5r€2i=F53is=;=sis=m?»*e 

Si- 

517 

F£=I-=GFF 

Six 

519 

s::  iFtsiuaL.2c.il  n-n2i5i3teti 

SI- 

519 

515  £r(51sC*(?l*^(21sC*Ct}sZSSt9 

SI- 

520 

C  C*(S1=1 

STS 

521 

IFIT.t«.3»l  »  T9  tZI 

SI- 

522 

C  «■** 

SIS 

523 

IFIS<=I2».'=<1.31  50  TO  ?»S 

- 

SI- 

525 

C  3n>4 

sts 

525 

SO  TO  U 

sis 

52€ 

522  CCHT1-3E 

SIX 

527 

£  3C=1 

SIR 

520 

SO  TO  531 

SIR 

529 

<25  wiTEHf«Bl 

SIS 

520 

C  TC— 1 

SI- 

531 

.  TH« 

STX 

522 

'•S  TO  575 

SIS 

533 

C 

SIS 

515 

C2T-SST  «-=-i£=-rr  T£  sauit  49E 

SIR 

535 

i”;  n=n*i5,3C7n 

SI" 

575 

C  J=3 

sis 

537 

c 

SI- 

520 

C3RtTS»  CSEF 

SI- 

539 

k=i-T(S,2;75i 

SI- 

552 

c  ;nn*3 

SI- 

551 

c  -ms: 

SIS 

552 

-20  €25  1232,5 

SI- 

553 

IFirrU21.i~.il  C?tIi»=3*F 

SI" 

555 

cn 

SIS 

555 

srt?i3ii«i 

SIS 

S5€ 

Ts-FF 

- 

51- 

557 

C  *C*3 

SIS 

550 

C 

SI" 

55" 

C9TT£*r  •••222 tT  £"=(-" 

SIS 

550 

Ins-Wl.i3.jl  a;!T;lS,;t«l  ! 

SI- 

551 

C  *  0(51*2  r 

- 

SI" 

*  552' 

9C  «55  2131,5 

SIR 

553 

IF IS- C*l.£3. 5.2KC.CFC  211 .€9.  CSt 1  •  SO 

TC  €59 

SIX 

555 

;nr?i3i .ic.:.ax3.r?nii  .£e.ceni  S3(3U9 

SIX 

555 

SC  TO  MS 

SIS 

555 

€55  S-(31*l 

Sir  - 

557 

MS  scarriaas 

SI- 

550 

c  9(5i*e 

SI- 

559 

C  CFCSlxl 

* 

SIX 

HI 

c 

sir 

551 

C3XT*TT  ••»»tt*3S  CCU-S£»Wl 

SI" 

552 

CC  *9  €55 

SI- 

553 

tsisi^c  21  *2»C»  (21  •53(11  *1 

SIS 

555 

sp  to  im. ,i«,si5,;j' csss 

SIR 

555 

c 

Sis 

555 

CTOU  ••F’KiSS  Sti-ccm 

SIS 

557 

«5  IF(S*J»l.!C.:i 

SI" 

55* 

C  9(51*1 

SIS 

559 

SO  »«.  1232,22 

SIS 

575 

€52  1(25—12131(22-221 

SIR  * 

571 

9C  €55  11*1,2 

SI" 

572 

555  L(IllsC>(IU 

SIX 

573 

2yR£SST».'3.Sl  SO  T9  705 

- 

six 

575 

s£K(:*trsiii 

* 

SI- 

*75 

c:u  «*£S2 

SI" 

57* 

C  3(51*; 

SI- 

577 

SO  TO  735 

SI* 

570 

c* 

- 

—  *1* 

579. 

A-7 


K-s  -1=£T 


GE/EE/72-7 


c-'-ris-rr  **»ieKij  c:k-«iit 

6?:  iFisis*rtt.:2-"ii  «nKit,3;«i 

C  Ki»  - 

ce  TO  7*5 

C  - 

C5-sB=-sT  »»?*Sr-33«  CCC?-lCC«TIW  ,>*v. 

-?5  ifi$i'.ras,.£c.:i  te, jc*5i  Xf  \ 

«o*»x*e  -  VtV^ 

**3  ter-  n>i.»  V/  oX 

*s»  ;cii)*Lm>  \#/fe\. 

-  IflWflSl^iWI  _?t.  13  735  VAX, 

^sisi^.-t(3i  V/.A 

UU  »£I2  ■qX\ 

I*I*JtML.2S.'.l  X-lT=(S,*c«U  AC?  \-  . 

iC  TC  735  Yi.  \. 

CWilT  ““KjSS  rcrr-riLl  Nam 

s*-5  ifi$!Gs:i.£e.u  n=inrt,?i:;> 

0121=? 

SC  TO  735 

5 

cc-^sj  *,!*<ctn5  rcK-j£»ifr 
*3r  :fts-sso..;e.:i 
0*21=1  '.'■  — 

«e  TC  735 
t 

co«;iT ♦•KKiss  etri-nm  to  cssnr 

*35  inqfiOu3.il 
C  0(21=1 
C  IftJ 

C  J*1 

TSItsi 
50  TO  575 

r* 

CettSff  "«*£SS  C£K>£im 
7zz  injisai.t9.u  *nUHt3iisi 

co-32tt  «5rt£?-ia*  jyon  -if  fiu-rt^irr 

!risist:i.£e.:i 
tc  ns  n-1,2* 

?**  Miimiui 
c  o=* 

50  TC  At 

?i«SfK^SUl 

cm  css? 

71,  »  is  ns 

C  J*1 

SO  TO  753 
C 

cs-rsin  •*?si£?.!Q*:£»  c£i=C“  jc=irj  cr  nu-5£?ifi  . 

ns  ir«5*«u«.;i  *?2-£it,::«i 

«I(11»1 

c  "sc=; 

3T  »*:  11=1,5 
KJ  ?- (Ill =1(11*71 
e  c*i 

C  £*1 

c 

«*■•£«  ••£sr£>-alj»  2  -.1.  SBlTOS  C=  fIU-t£>IFT 

it«SI«S5l.£,l.!J  *=lT=(*,3l351 
X.  w  11=1,5 
72*  C(I21=r3(Zll 

rw»:s,t!ii*}.«:ii:«i«t[jnj»;iu  *<:(ii*i 

so  To  ,» 

I?(C«Il.£*V4i  63  7*1 

:tiC**-;.r,;j.:-n.C“iv.i£.r!.5i3.Cd!s.i£.^i  &  ic  735 
cm  mi 

irun*s.£s.:i  sc  to  is 
•;c  Te  ’?r 
72-  “-It  (fftCi-* 

>Msnss.*^»  «e  to  is 

755  CCKTXtse 
C  «■=! 

C  0=2 

c 

cobsi-t  ••asw*  wns  of  *ni-«>irr 

•f  7*2  21*1,23 
*0^1(111*50* 
irR?r.3*.?#i  ?4  re  7*5 
7*2  I (Ill *7259 
7*5  2(111*03* 


sn 

*  sit 

?!• 

-  5*1 

SIB 

-532 

Sic 

5*3 

SIX 

”536  r 

S2- 

535 

sib‘ 

S3* 

SI¬ 

537 

SK 

5M 

six- 

SIS 

*  IB 

553 

SIX 

SSlj 

<M 

5*2 

SIS 

S3? 

SI- 

556 

SI- 

595 

SIB 

556 

SI— 

£97 

Six 

599 

six 

S99 

ST* 

5*9 

SI* 

ill 

SI* 

€22 

SIS 

£33- 

SI- 

616 

SI* 

63$ 

SI- 

CM 

Stx 

•37" 

SI* 

530 

SI* 

539 

SI* 

€10 

SI* 

€11 

SI* 

€12 

SIX 

€13 

SI* 

€16 

SI- 

CIS 

SIS  . 

€1C 

SIS 

€17 

SI* 

€10 

SI* 

€19 

Si- 

tzt 

Sis 

€2 1 

SI- 

«2 

SIS 

€23 

SIB 

526 

t;s 

as 

SIB 

€2* 

31* 

€27  ' 

SI- 

52* 

Sf- 

€29 

S2- 

€12 

SI* 

ill 

SI* 

€32 

S3*. 

«i 

SIB 

52* 

Si¬ 

US 

ll* 

S2S 

SI* 

€27 

SI- 

533 

SI- 

579 

SI* 

€17 

ST- 

5*1 

SI- 

6*2 

Sia 

6*3 

SI- 

€66 

SI- 

6*5 

SIB 

5*6 

SI* 

€67 

ST- 

€*■ 

SI- 

(69 

SI* 

€50 

SIS 

551 

SIX 

€52 

SI* 

€53 

SIX 

€56 

SI- 

555 

SI- 

«$€ 

SIB 

€57 

SI- 

.  *so 

SI- 

€59 

SIB 

€63 

SIB 

€61 

GE/EE/72-7 


lr<eSiiR.£4.3l  SO  TO  75% 

ClLL  »£« 

?*e  ircecn.so.n  so  to  755 

:rcci!»5.'i.?;.‘i>.a>K.£9.3S.e».£««.£,:.z«  so  tc  33s 

till  130 

IFCK7LlS.S0.il  SC  TC  15 
SO  TO  735 
755  30  75s;  1131,24 

IFClClll .£0. Still J  CO  TO  74# 

5*121=1 
50  TC  755 
7S'r  CCSTIM* 

75*  lF!«KMl.i9.MBi.«^IS’S.*0.»  RIUCCiUU) 

C  0=3 

C  *=i 

CO  TO  735 

c 

ci.r-:sfr  ••.»=rciss  cccs-clem 

r;  iFcsisiiL.io.il  R5iT£ce,3i4ei 
•50  775  11=1,24 
77=  LCI11*Z~» 

1FC?.«:SI>.£!.31  SC  70  735 
*fCISI=iT=4C21 
CU.L  E=52 
SC  TO  735 
C 

CJSilT  ca£-ra£l£ 

73?  lFCSICoTL.i5.il  «ZT=*5,2145> 

c 

COJMEaT  —7=CC2S5  CCT£-5iai«3L 
»?<  MSTJTK 
C  5121=1 

C  4*1 

:rcs*c3i.io.5i  sc  to  7»j 
50  TO  U1 
7*5  «1T*-C5,S15»1 

c  *e=« 

SC  TO  575 
C 

sjr««t  •wjfw  m 

:«  Ic CSISSLL.iC.il  ==IT=SS,2ISS» 

S  3=1 

c  £*i  ■ 

:nc.£5.>jn  co  tc  45 

«  5*-C21=S 
=3C2l=l 

C  3C2»=1  • 

C  OC4»*I 

e  4=1 

isic=«=is=a 

IFCCCll.S--.il  c:  TO  575 
SC  TC  523 


CCRFBTE  RCiE  SECTIC* 

■2  2173  fftCUT;’  SI7ULXTISO  P*C=»M 


Wr£»I  »«C32?3TE  *CC£ 
i;:»  iFcsirm.io.si  c’i^ct,«nj 
IrCS-?2.i3.Si  C3  TO  114? 
t:-„S  30  Is.  15  *1=1,5 
Sf  ci;i=mil 
in:  c*ni=icii*7i 
oc  ins  n=i,4 
1115  9CIll*ZCli«2Sl 
20  5.2.  11*1,2 
S*C251*3 

ircH!:«IM.£«.Ci3  S»C*1>*1  * 

2125  SCTTHjr 

CC-5*=!*3C-1«4«8C*1*2*0C2M0I11*1 
IFCSIl1tt.iO.J.O=.F=52ST*.EC.ll  «=1T£CC,4141> 

LIST IxlIST 1*1 

SFCUSTl.CS.LJSTi  CC  TO  415 
C 

CCT^3»  «W?  Sfltco 

w=ii,:csi*i'CRi»i,5cn*i,r«i»ciii»i 

■JTiCTsiiM  •7l»T2»ICSl»15*2C51***IC4J,l»IC5l»2»IC21*IC51*l 

3FI*"cr=.i7.1.S?.22r“."C.*.C*.CCSE.£C.7.0*.vC35.c0.3.0=.CC££.iC. 

1  C».2S5£.£2.»l.C*.S52£.£P.lW  SC  TO  1325 


SI* 

C62 

SIS 

543: 

IW 

€54 

sis 

€45 

SIF 

544 

SI* 

«7 

SIS 

443 

ST* 

€49 

sis 

473 

sxo 

€71 

Sis 

€72 

SIC 

473 

SIR 

57* 

SI* 

475 

ST* 

574 

SI* 

477 

SIS 

470 

SI* 

€79 

SIR 

431. 

Sis 

€31 

SIR 

542 

SI* 

S3* 

SI* 

434 

SI* 

435 

si- 

5I€» 

sis 

437 

SIS 

HI 

SI* 

439 

SI- 

542 

SI* 

591 

SIS 

492 

sis 

€93 

Sir 

494 

szs 

595 

Sir 

49€ 

SI- 

597 

SI- 

594 

SIS 

€99 

SIS 

Ttl 

SIR 

731 

SIS 

7C2 

SI- 

723 

SIS 

734 

SI* 

735 

SI- 

734 

SIS 

737 

SI- 

7»t 

SI- 

7*9 

SIR 

*13 

SI- 

711 

SI* 

712 

SIR 

713 

SIR 

71* 

Sis 

715 

SI- 

714 

SIR 

717 

SIR 

710 

SK 

719 

SIR 

723 

SI- 

721 

SIR 

722 

sis 

*23 

SI- 

72* 

SIT 

729 

SI- 

724 

SIS 

727 

SIR 

723 

SIS 

729 

SIR 

723 

SIR 

731 

SIS 

*32 

-  SIR 

733 

SI- 

7*4 

SIR 

735 

SIR 

734 

SIR 

737 

SIR 

733 

SIR  ’ 

739 

SIS 

743 

SIS 

7*1 

SIR 

7*2 

SIR 

7*3 

* 

z> 

l 


SJ-  , 


2 

5 

M 

i 

£ 


i 

3 


:■ 

t 


\ 


GE/EE/72-7 


Cl 


?3*S?«  ••  =U!VI  *£69 

or-xccr*: 

srS'srasC* 

C*LL  OilOiC 

sc  to  is 
e  - 

Cem-fT  •*£*££«£ 

1- 125 

IHC:'£i5£.!.i3J.3C'«.!e.M  SO  TO  1132 
F££CT=IS£CT*1 
*  iCTC  13?5 
::i*  so  »c  i:a 

!FU;?U.£2.2£I3I  '0  TO  1 545 
1331  FS£CT=SS*CT 
SO  1C  13*2 

::js  ine*-tS:.'.£.^»:Ti  so  ?o  im 
FS£CT=J»m*S£ 

23*3  !n«£:l.il.i£!)  FJS^-JKIFScCT.M'I 
ifi!«j::.£i.»£«i  ce  is  i9*s 
IF««ti:U£C.l>  ir=lTEt*,fc£*ai 
S£CT=FS£CT 
C!U  FLISSTO 

iFi5n.i;.£3.:i  so  to  is 

c 

1„«  SO  TO  Ci?55,i*S.i,1233,173;,17l5,l«*C, 1723,5732,11*3,1125,3115,1735  Sir. 
i  , nef,  n*5» ii9i,  «65»  core  .  sis 

c  _  » _ ‘  Sir 

US-  SC  TO  <22*5,1291, lCS5,lt5£,i2*5,12Sf,3i:95ii;9Sji2*S,l29S,TS65,l»5  SI* 

1  ,12rS,l*23,H.2S,2S«5,15«f,123i,l'2f,12»2,2335,l?ll,1335,iri;,l**S  SIS 

2  ,1**2,1=95»1£S5, 2*33, 1*33,1*35,1*3?)  KXU  1  Sir 

C  *  SIM 

1135  S£CT=lS*C2CSI»3*C3t*l»*»C?l3)*2i»CrC2)*CSIl)  Sir 

IFCSCf43.S5.171  C5  TO  1*92  •  Sir 

W*5  ,  SIB 

SO  TO  (25*3,251*, If 73,25.C,15S*,1£3*,15**,1S2*»1$£2,151S,3523,1S1»  Sir 
1  ,15tE,l5J£,15»3,lF»il  KFU  Sir 

C  SIS 

CCrafTT  ••lsSKXTia:  S£*«Cr  5  *  Sir 

2- 2*2  rC“«»li*CF(£l*3*CF;-.l»**C»l?J*7*C7l2HC»IIl*l  SIM 

IFCTrsS.'O.i)  CC  TO  1572  Sir 

Srcit221.S9.Tf»S)  CS  19  1C5S  Sir 

CS5£*«,2C2S)**«X!iSl»?*I€lt!*T<23)*l  sir 

I1*SC3CFS£CT-1,1S1*1  SIM 

ircCC'K.iO.Ill  !;£CI**S£CI  ,  SIM 

.  iFir<B£.;T.i:i  isscisTsscMcwr-n  ,  *  sir 

IF  ICCT£.LT«I;i  I5£CT=-S£CT*ie*CC9f-II  *  •  -  Ks 

If«:5£CT.3T.:<ii  :S£C',=TC«-IISSCT,122)  *  *  '  SI- 

SO  TO  1175  .  51- 

j-:?s  !S£C,*s,Hi5i»j2»ni?i»:*,n:n»!»u;H**"CBM£*i«:M*iiBi«i  sis 

sc  w  i;ts  SIM 

217;  ISECTxmSSCT  si- 

T52S=-sr*=3  SIM 

C  :  si- 

rsrscr  ••KSKKiia  c£ij  i  .  ji» 


-  .  / 

” ■  -  ' 

-  -  , 

-  I. 

-  .  . __ 

-  -  ■ 

_  - 

'  ’ "  ’ 

i  _ 

sin  ' 

7*5' 

'51—- 

7*t 

sxr 

7*7 

sir  - 

■  .  ^7*91 

Sir  . 

7*9- 

:SIM 

759 

SIS 

751 

SIB- 

752 

SI--- 

7iJ 

SIM 

W; 

.3ir 

.755 

sjtr 

75* 

SIM 

!  757 

SS- 

-  759 

S1M 

759 

SIM 

t*» 

51- 

761 

«K 

792 

sir 

7*3 

SIM 

76* 

sir-  F 

7*5 

sir 

.7** 

sir  • 

'767 

sir 

759 

;  i; 

'  £ 

- 


70S 

779 

771  I 

772 


‘  77* 

775  . 

775 

777 

779 

779 

7M> 

m 

702 

7» 

70* 

70S 

70S. 

797 

•7*2  * 

79/9 
791- 
791 
-  797 

:  792 

79* 

.  795, 

79* 

797 


i:»s  otwchm 

SFCT*IS£CT 

IF!**! 

3,i  CSI.943 

sc  TO  15 

Ilf:? 

**ft  129-  11=1,2* 

239;  I<X1)*M(I1) 

iFr-em».£».;i  ;c  tc  i;*s 

9£5X5«=CTeSC3l 

C*IL  =£62 

- 

::-'3  IFI».*£.S!«in  60  TO  1-35 
r*riiT 
U  TO  795 

c 

2 ’"-5  a*l-rcs,*2sei 
srns£«i 
ft  TO  12*9 

li:s  IF(9£6X5T».£:.31  so  TO  :;(! 
T5SIST*09£SC1I 
C*tt  »£62 
60  TO  12*9 

lit:  30  T«  ICC* 

»C12I-1C13»*79 
256IST*M9f5Sl» 

£iU  =*5» 

4«12»*2il3)*9£93 


Sir 

Sir 

ii- 

sis 

sir 

SIM 
SIM 
Sir 
si- 
str 
sir 
ISl— 
Sir 
Sis 
SI- 
Sir 
.SI- 
SIS 
.  SIM 
SI» 

sis 

Sir. 
SIS 
Sir 
Sir 
Sir 
.  Sir 
'  SIN 


799 

991  * 

332 

•93 

96* 

995 

3?*« 

997 

•29- 

•69 

919 
'-931 
212 
•13 
11* 

*915 

SI* 

937 

939, 

339 

920 

921 

922 

923 
•2*  " 
925 
92* 


A -10 


~->^ 


«£? 


& 


U 


cp  to  liss  :  i  t 

■c  ’ 

C3~t;t  :**Ka>rH  (i’ll  5 
!:i5:;FISK'Ul.;C.il  an»;CiJ«3!l 

aiI?isf5£:T=P“i5**J  i  * 

I?«=l 

ir«?!ii-:.?!£^r.iu.O!tt.n£.M.u3.m«.K.!5»  6«  it  112a- 

,9HT£«S,««I»  :  = 

KrIT£U,KS*l  :  1  *  -  -  1 

CO  TO  IS 

- 1*25  OP  1125  Tl=l»5  , 

112s  cF€ii»=cm*  * 

50  TO  12ST  .  3  , 

tsir**ff!  ••f»isiF£»  cm  Claws  (Tnli  ,  1 

1132  IFfSIS3Sl..E0.11,  XUTiHt^SUI 

»lti;u.£;.:)  50  TO  11SS  j 

KUTSJ  S 

50  TO  x:n  ,  ! 

e  i  ?• 

«rt£5(T  ••?!£«  I  IX  TO  ICna'llTM  CCL1I 

1125  I=C<ISsH..=S.ll  «IT:<i,l»2l  :  ' 

oe  1152  11=1,21 
ms  imi=sfxi>  1  • 

«lrr=l  •  :  ■ 

'  SO  TO  1125  - 

c 

co«£3T  .  tics 

1155  1FCSIS31L-£0.1»  V?IT£tf,llF3l  :  !  : 

-•wit=2*.  -  -  •  - 

list  12=1  '  .  1 

;  stj— £*i-  1 

11SS 

2C  1163  11=1?, Kl*  -  • 

£resi*:ci!n?*5iin*«  * 

.  :Fc«:n.?i.c.£.iif.niii.i9.ci£i  *k=cke  , 

iFi».i*:i.£:.»;ii.a3.sii:i.'«a.TSic»  a«=2c?e  • 

iiiiwac 

;F(CC;^£4.1«C>.:cr-!,£C.T.:T.CC9!.£C.i.K.C33:.£e.7>  lfUl=CM= 
*116?  ccstiri* 

I  IFin.£t.iH  CC  TC  1113 
*  *F|6C*.£3.24»  SC  TC  lies  , 

I?=14  *  *  - 

!BSS»  .* 

SC  TO  1155  * 

c 

co'irrt  ,  ••503,5151  «3c*i 

11=5  tFi«ieist.£*.ij  *  5  : 

W?=2*  '  , 

.sire  ir*i  1  1 

1  srie-'sj 

1175  ar=2£»9 

«JP  1123  TIsI?,**-  *  . 

•:r£si,iim*<«sc!m« 
iF(ei!ji.£c.r£.ur.ii:».:£?.2i»ci  «=w 
IFlRini  .£t.7£>(.:n.lll:l.£3.pitl  »:Z£« 

•  1(111=2=70  5 

IF(CS*£.t3.1.e*.CO:.£9.2.0T.CC0£,£C.I.«.Ctf£.£e,TI  *1111=01= 
1152  CCaTJOTS  '  (  .  | 

1  lril?.£3.:w  so  to  mo 

IFton.£9.M  SO  TC  1155 
22=1% 

:»p*24 
SO  TO  1175 

e  /  i 

COTSITT  «J»UT  «30  (5191 

1155  1F(SJS<S1L.£3.11  anniltCKI : 

,  -  1W-*11  ,  . 

CC  to  115?  .  - 

C  .  .  : 

C0ST2TT  ••S=t.TT  S39TFSCT  ,  (Sill  , 

il«»  IFIS!'-«l.£C.ll  K=XT=t6,%136* 

W»ll  : 

SO  TO  1175 

C|  .  1 

C3««T  ••■ClT  «:  FFCCitS  (■*•) 

11*5  l=(SICRil.IO.ll  «?JTc(6,%C371 
5  <*J*2C=7C*3  I  5  . 

?SXS*F^2=t  , 

SO  TC  755  - 

C  *  1 

CCWIKT  ••i(K?l£l£»T  ICO*  I 

1215  :FIS!h:i.£MI  H>1T£ISIU(» 


$»* 

327 

SIT 

323 

SIS 

029 

SIS 

339 

SIR 

•31 

SIT 

•32 

SIT 

•33 

SIT 

03% 

SI- 

•35 

SIP 

33* 

SIR 

237 

SIM 

931 

SIM 

•39 

SI- 

54« 

SIS 

111 

SIT 

34? 

SIS 

M3 

SI- 

MV 

SIP 

•«5 

SIT 

846 

SI- 

•47 

SIR 

MS, 

SIT 

•49. 

SIP 

-•59* 

sit 

951 

SIP 

552 

SIP 

■53 

SIP 

•54 

SI- 

•55 

SI- 

-  55* 

SX-" 

•57 

SIS 

SSS 

SIT 

•59 

SIP 

HF 

SIS 

Ml 

SIP 

2*2 

SIP 

1*3 

SI- 

5*4 

SIT 

3*5 

sis 

MS 

SIR 

>67 

"SIS 

•*■ 

SI- 

•49 

SI- 

■7« 

SI- 

•71 

SI- 

372 

SIR 

■73 

SIS 

•74 

SIT 

375 

SI- 

37* 

SI- 

•77 

SI- 

•7« 

SIP 

•79 

SIP 

MB 

SIR 

2S1 

SI- 

'332 

SIT 

3*3' 

SIP 

SM 

SIP 

•35 

SIP 

MS 

SIT 

*17 

SIS 

23* 

SIS 

319 

SIR 

MI- 

SIR 

MI 

SI- 

1*2- 

SIT  - 

393 

SIP 

•94 

SI- 

095 

SIP 

59* 

SIS 

297 

SIP  . 

39S 

SIT 

099 

SIS 

933 

SIT 

•ft 

SIP 

S*2  * 

SIT 

913 

SIP 

994 

SI- 

3*5 

SIT 

9M 

SIT 

9»7 

SIP 

m 

SIM 

•59 

A-ll 

1 


,  V-  --r*~ 


mg 15555 


-GE/EE/72-7 


\4 


*TI*c=l 

3c  iiis  iin.n 
IF(SfIil.=C.ZT3Sl  SC  *3  1235 
suii=l£30  . 

SC  TO  121-3 
122=  41211=C3= 

;cari'« 

Vie*? 

K  1215 

:ruci)»u.£.2i|  o  to  122* 

1215  t(ll)i?^0 
I2!i  MilliOC 
SC  Tfl  HIS 

c 

C-1-B9XT  MCI3S  S1S41TJ3*  cniw 

1225  Jfl«cQt.sC.ll  >121=  (5,43.991 

iruuu.;;.;]  so  to  i=it 

7TI-==1 
«  10  1135 
C 

C3-2=«T  ••t3S!5il'«T.  TO  ICClTtOLlTC!  (Ml 

12=1  !f(S!CaU.2M>  KlniiiClII 
>TJ  i»E=l 

SC  12=5  *1>1,2% 

12=5  Mil!=*OUIl!ltin»l  : 

SC  1C  1195 

JC _ 

CCBsEST  «2£sf  aniCTH  ;«S31  '  ‘  * 

1241  iriSK«Ml.«).il  >421= (5,45111 

«mn 

0=x> 

CO  TP  1361 

C  _____ 

C3-*»21T  •••1*17*  C6TF9T  M  (HU 

12*5  insim.ii.u 
KR*1 

1255  *iwn 

:FIC(<V>I.£9.*1I  SO  TO  12*5 
oe  1255  11X17,24 
IF(*(Il»OX=.£9.C\Fl  SO  ?C  12SC 
12*5  *(I11=7==0 
12*9  4(211=0= 

SC  T?  1255 
12S5  11=17 

iniini-w.ii.iini  so  to  itts 

■(211=91=  . 

12*£-  11=2S»! 

IFS21.i-5.331  CO  TC  «i» 

Jr«(!U.2C.Ocl  CP  25  1275 
4*211=0= 

SC  TO  1277 
1275  5(211=2=79 
12=2  S(W9*U 

2=(2(24».=C.5Kri  S(S.TJ*-1 
jf(S(wm.=:.-;i  K:i*(i,4;*D  sop 
I=(CC5C*».£5.*11  V=IT*-(*,45551  OF 
SC  TO  -135 

•c 

C3-JC1T  ••3I1327  397=01  9  (39!) 

12-*?  S7IT=  (4,4*121 

MT*=2 
SC  TC  125= 

C 

C9—:=~*  •■=2=STT  -rtiFOT  C  (*CCl 

12=i  IFtSISXSl.iC.ll  K=Il=(k,4tl4l 

ms*? 
so  TO  1255 
C 

C5BX£XT  ••1»SCT=T=  IBPgl  (901 1 

S2:=  lf(J!S7Jl.;C.:i  4=2T=:*,4£i5i 
312-=*! 

TF(52.£9.CF=1  SC  tp  1*35 
30  l?ii  21=1.5 
l*  x  1(111=0(111 

CCO'-ls’ilSI *=*3(41 •4*3(31 *7*3 12) ■:(]) 

IFlCCt*. 35.3-1  ?C  »P  l.*3 

if(CCK.3:.5.j».:s*.--^«.R,rcK.rc.Ti  «s  is  1201 

£5.11  SO  TC  !“** 

3=216(9,45421  C9CC 
SO  =0  13*5 

1242  CO==4  3 

.  S=iir«,4=43»  C5S= 


six 

919 

SI- 

911 

SI- 

912 

SIS! 

=13- 

sir 

914- 

SIR- 

SIS- 

SIX 

91*. 

SI* 

917 

SIP 

910- 

SI* 

319- 

*  SI- 

92« 

SI* 

921 

SIX 

922- 

SIB 

92J- 

SIS! 

X24: 

SI- 

925 

SIB 

•2* 

SIB 

•27 

.  SI> 

•20 

SIB 

929 

SIB 

93* 

SIP 

931 

SIX 

932 

SIP 

•33 

SI- 

934 

SIX 

•» 

sis 

93* 

SIB 

937 

sis 

910 

SIS 

•29 

SIX 

94*. 

SIB 

541 

SIX 

942 

si- 

•43 

six 

•44 

SI- 

945 

SIX 

94* 

SIX 

947 

SIX 

940 

SIP- 

519 

SIB 

95* 

SI- 

951 

SIX  * 

31 

-  SI- 

952 

SI" 

954 

SIX 

555 

SI- 

95* 

SIB 

557 

SIB 

550 

SIP- 

•59 

SIB 

*11 

SIP 

5=1 

sip 

5*2 

SI- 

3*3 

51- 

5*4 

SIX 

9*5 

SIX 

3** 

ST X 

•47 

SIP 

34* 

SIB 

5*9 

SIB 

979 

SIP 

971 

SIB 

572 

SIP 

573 

SIX 

•74 

SIX 

975 

SI- 

97* 

SI* 

977 

SI* 

97* 

SIB 

979 

SIX 

900 

SIP 

«»  . 

SI- 

9*2 

SIB 

9*3 

SIB 

944 

SIB 

5*5 

SIB 

50* 

sr- 

507 

SIB 

900 

SI* 

5*9 

SIP 

590 

SIX 

9X1 

A-12 


GB/ES/72-7 


SC3S*2*6C2>«0fl>.  . 

*TIT£t6,62631  C»! 

«o  «  usr 

i?;s  arn*BiC»i 

co  w  i?K  - 

c  ... 

ce«isr  •»3isc?ni  nrr  a  cm 
i*t:  iF($imi.cc.:i  vnnKiUUi 

n*u»i 

IrtXl.CT.XI)  SO  TC  1315 
SC  TO  132* 

1315  a*HE(W:«l 
K*T1-1 

5323  SC  1325  11=1*15 
1325  llUl=»UfZll 
1C  1333  11=1*5 
13:1  1(!1<1*1=Z£U 

»»(S».s0.1l  A«21=CRE 
IFtFC.5C.il  lt21»*0R£ 

«rai.K.l.«3.FC.il.5J  3t221*CC£ 

IF *«> C11.2C.1*  »«23l=« 

TFtrt21.EC.il  »IZil=03i 
SC  TC  11  *5 
C 

t-JUflT  ••3iSt*£!i  OT3T  ■  »!•! 

1335  lFISI5SSI.-te.il  »mii,t:i7l 
W|!>?*1 
T1=T1*1 

2FtTl.6T.TIl  *5  TC  U«-2 
SC  TO  13(5 
13*;  atirEt*,uui 
»;=ti-i 

12*S  CO  1751  11*1.25 
13-;  *tIll=Ttll,Tll 
SC  TO  ill? 

c 

CCTStT  — TCttlC*  eit«5  1  («eai 
1355  :n*35«U2C.ll  «3inu,(’lll 
tts*i 

is:  an-tn 

12*3 

IFtSttl.5C.il  12*16 
5P  1355  31*1,3 
12=5  7rflll*lfZl*121 

7P.US*=!. 

:c  13»5  11*1.3 

lFfTCfZll.5C.6TTl  SO  *0  1273  , 

*ctt:K=w;^.#aKtiu 
SC  T«*  13*5 

•  n;  rtiiiKiCLTWiaKtm 
137*=  ;c=tzts 

Sr  TO  11213,1312;  13531  wr 
1211  f»3 1 1-I11  ,T1=1,»»  ,T0LT1CF 

SC  to  13*6 

'  1335  »»:Uri,*.E(l  (fll'-Ill *11=1*31  ,TCLTJ££ 

SC  TO  1355 

131.  S=«Tf 12**2521 :j;(?-Tll ,21=1,32 ,TCLT«S5 
1315  »«lS£=**=l21.3**C=l.Ff  11 

*rtWlS;.li.;i  S3  T&  21*15,1*3!, 1=1.,:*:;,  1135,1*  15 ,2*11!  (H'E 

i»IU(i,<:i(l 

«C  TP  1352 

:>»  *?iT£tc.tiissi  «t 
SO  TO  1J62 

1*25  *»ITrtS»*?5Sl  ROR 
SC  TO  1.63 

1*15  «ITEei,*l£7l  nsn 
SO  TO  1267 

1*15  **»TF!S»*S5J1  ne 
?C  T«*  1665 
C 

COTITT  ••TCCT15E  OCTROI  *  1*0*1 

1622  IFtSICSH.£o.u  R3l?£f 6,67191 
SOS*2 
S3  tc  1355 
C 

cerssi  »*ixnt£  cct*c-  c  trcci 

1*75  lFtSlfslt.Tfi.il  321 T= (6*62231 

■n*  ~ 

SC  TP  1=55 
C 

CO-RETT  "Ul"  -  -*lSc  KESISTR  a»*l 

i63f  iFtsjo3ti.To.ii  «»n£i«,*iii» 


:  '  -  - 

- 

SIC  .  - 

992 

51* 

993 

<1*! 

996 

SIC 

S«r5 

SIP' 

396 

SI* 

997 

SIR 

•93 

:  SIC'  - 

•99 

sir 

1933 

SI«t 

1931 

ft* 

10*2 

SIR 

1233 

SIS 

123% 

.  SIR 

15CS 

SIT 

1336 

Sir 

1337 

Sir 

1393. 

SIR 

1259 

SI- 

1310 

SIS 

1311- 

SIR 

1312 

SI- 

1-13 

SIS 

1*16. 

SIR  . 

1-15 

SIS 

1316i 

SIS 

1317 

SIR 

1313' 

SI* 

111* 

SI- 

1323 

SI- 

1*21 

SIR 

1322 

SIS 

132? 

SIT 

1326 

SIS 

1225 

SI- 

1326 

SI- 

1*27 

SIS 

1223 

SIR 

1229 

SI- 

1233 

SIR 

1531 

SIT 

1932 

SI- 

1933 

SIR 

1236 

SIR 

1975 

SIS 

1236 

SIS 

1-37 

SI- 

153* 

si- 

1*35 

SIT 

1265 

Sis 

1561 

SIR 

1262 

SIT 

1262 

SI- 

1266 

SI- 

1365 

SI- 

1366' 

SI* 

1367 

SIS 

1263 

SIR 

1369 

SIB 

1553 

SIB 

1551 

SI- 

1-52 

SIR 

1*53 

SIS 

1356 

SIR 

1555 

SIR 

1556 

•  SIR 

1357 

SIR 

1250 

SIS 

1559 

SIR 

1563 

SI- 

1561 

SIR 

1262 

SIR 

1343. 

SIS 

1266 

Sir 

1265 

SIR 

1266 

Sir 

1867 

SI- 

1*63 

SIR 

1269 

SIR 

1270 

SIR 

1271 

SI- 

1272 

SIR 

1973 

SIR 

1376 

GE/EE/72-7 


3 


<TI-£=1 

r>0  1*E5  11=1,3 
i-,35  =  1 1 1 1  -  j 

IHND^'S.fcS)  eillsl 
IrCCJ2j.in.0xri  MZ):t 
»fic*ij:.£S.ci.ti  Fain 
w=sir  (*«•  iji  ,u>i<3) 

50  TO  US3 

c 

C3-ir*T  FIs-  ?9'.'Bi5tW  CErCI 

l--:  iciwroi.a.i:  «n£(et«:zzi 

•JTI-f=l 

FC*1 

-  <0  TO  i;s? 

•c 

CC-SECT  •HJlt  *11=  CCURTSCkR  CHFCI 

:ws  iFcsir-aiL.so.il 

aTXR£*l 

FC*S 

80  to  1j*3 

5 

CWffitl  "PUT  0JS=*F£  1  LIRIT  tiCtl 

1*31  Klflf'.ll.iC-lJ  KCPiii.cjM 
«I«£U 
1M  . 

1*55  CC-0E*t 

i.  _ 

12  1*«  U4.U 

cca;=cnr*z**(ii-ii*j ih*ih 

■Fl5(i;u:i.£?.«:£)  20  TC  1**8 
SI*  l*7i  11=1,11 

!FIKIIi«ni.:C.KC«l  CO  TC  1**5 

mi*!zi=z3n 

ec  TO  1*73 

l«r-  ain»Ki-.« 

1*7*  CCFT’nE 

3P  1*75  11=1,1* 

1*75  »MS?=*asi*z«  a!-u<<:i;<«ii) 
lFWtE.Lt.tCKl  CO  TO  1*9$ 

1**6  0?  1**5  11*1,11 

i*?c 

3VS  lFfit.i-1.121  CO  TC  1.1* 

17*13 
'C  re  1*55 
35  1*37  11=1,13 
1**7  5»>;i 

IF:?«lS=.l=.rcEi  eg  TO  1*7* 

5C  TO  1,9* 

C 

BlEtt  fciegr  fCRU 

IV:".  IF tSIwa*L.i**.ll 

IFfSiCT.il.Jl  S3  TO  1135 
«J-£=EC!U 

cc;ru<i(!i)<*«ii<=i«?»ii2Z)«iizu 
3F f iric.L 3.71  65  TC  1555 
•w*  !*•»  11=1,3 
IF crer 2. £0.11.71  CO  TO  151* 

1.5*  Cf»I!»K 

15. J  a?ITri5,-,i*.i  «lf2S-S»l,I7=:,n,«oc*IIl> 
«V  TO  1315 

1S.S  «IJ:l*.,r*7j  fit  *«-IlJ ,  11=1, *»,  cocc 
131=  SECT** 

5C  TO  157: 

c 

C6s==-t  •■iKBmr-x  left  s— ift  ai«i 

i5i*  *or=i 

1*1*  IFJSir-lll.EC.ll  »i:=<t,c(K} 
cTi',i5=ir*i 
IF’Sn.l-Ml  Sl!?=s» 

IFf3ECI.i1.il  53  TC  11*3 
15'r  IT  1**3  11=1, SECT 
3C  l*fS  17=1.73 
1375  Sl2S-I21=l«7*-I21 

is’i  *fii=7i« 

•0  to  1135 

c 

ej^sr  ••»iKya*McF.  ejtt  ss»ift  t***i 
151*  W*1 

1513  IFfSIK'l.;?.::  *3IT*fS,*C77I 
eflr-:ECI»l 
IFt5EET.LE.ll  *TI-t=* 


SI*! 

-  IMS 

Sir 

•  1378 

Sir 

1177 

SIR 

1370 

SI* 

1179 

sia. 

1399 

SXH 

1391 

sir 

1337 

SIR 

1393 

SIR 

139* 

SIR 

1335 

SIR 

1355 

SIR 

■:«7 

SIR 

1*59 

SI- 

1*99 

SIR 

1C9C. 

SI- 

1391 

SIR 

1=97 

SI- 

139* 

S»- 

1E9* 

■sie 

1=95 

SI- 

1=9S 

SIR 

1197 

SIR  * 

1*99 

SI- 

1299 

SIR 

1139 

SIR 

1191 

SI- 

1197 

SIR 

1193 

SIR 

us*. 

'51- 

.  U*5 

SI- 

lie* 

SI- 

1197 

SI- 

1159 

SIR 

It =9 

SIR 

1119 

SIR 

1111 

SIR 

1117. 

SIR 

1113 

SIR 

111* 

si- 

111S 

si* 

use 

SIR 

1117 

SI- 

1119 

SIR 

1119 

SIS 

1=7= 

SI- 

1171 

SIR 

1177 

SIR 

1173 

SIR 

117* 

SIR 

UTS 

SIR 

117* 

51- 

1177 

SI- 

1179. 

SIR 

1179  ‘ 

SIS 

U33 

SIR 

1131 

SIR 

1137 

SIR 

1133 

SIR 

113* 

SIR 

S13S 

SI- 

1135 

SIR 

U37 

SIR 

1139 

SIR 

1139 

SI- 

13*= 

51- 

11*1 

«IR 

11*7 

*1- 

11*3 

sis  - 

11** 

*i* 

11*5 

51- 

11*0 

51- 

11*7 

SIR 

11*0 

SIR 

11*9 

SI- 

1153 

SI- 

US1 

SIS 

1157 

SI- 

1153 

SI- 

115* 

SIR 

S1SS 

SI- 

115* 

A-i4 


GE/EE/72-7 


sfct=sect*w* 

IFlS€Cr.£'».31  M  10  UK 
12=413*1 

OC-  15*5  I1=1,SES7 
OC-15*:  12=1,23 
15*2  llli»=l(l?*ll 
15*51*2*3=13 
50  TO  1135 
C 

««£«  ••SJ’LIT  lICCn-LlTO3.  LEFT  S*IFT 
15*9  NUC=1 

1552  IFlSl6tlL.5C.il  S5ITS* 6,*C2W 
UII-S=S2CT*1 
IFJSiCI.li.ll  aTK=2 
SlCI=55CT»«ii 
IFCSECI.E1.:-1  53  TO  111C 
30  15* J  11=1, SECT 
CC  1555  12=1,15 
1*25-121  =5  *2*-I2i 
1555  4 *12-121 =*  *11-121 
1555  4*1*1 =1*11 =2£*0 
PC-  TO  1112 

C 

ccss=-jt  ••satir  iccouL'iea  msmt  suft 
155*  **IS=1 

1*»S  IF IEIFK1L. E3.ll  WT ITS 15**5291 

2F*SSCT.L'.ll  *It*t=2 
S»CT=SECT«MTf 

'  iFsssci.s-i.il  ca  io  in® 

22=4(2*1 

I*=»C111 

30  1575  11*1 .SECT 
SC  1571  12*1,19 
1*12* =1*12*11 
157.  1*12**21 =1(11*121 
1*111=1* 

15*5  1(2*1=13 
CC  TO  1115 
C 

SCrEsT  ••S-LIT  LEFT  *3=3  LEFT  S-IFT 

15*9  5V**1 

1531  IF (SlfcPL.2S.il  «31TC*e,*i.3I> 
«TJ-C*S2CT*1 
IFiSECI.LE.ll  *»IrE=2 

'2C7=3£C*»=St 

sc  tp  m3 

-*l  1522  11=1, SEC? 

W  IE-13  12=1,13 
:»>.5  1*25-121=5  ***-121 
1522-  5*1*1=229*3 

w  to  ml 
c 

se®<**p  **5SL2T  left  SJ*E  2ISST  S*I*T 

152*  W*=l 

2525  IF  (SI  53(11.  SC.  11  *S1T=<S,4«32) 
ariff*SECT*i 
IFiSCCT.LS.ll  ttlli? 

SECT=SE5T«*»f 

IF (SSCT.EP.il  59  *0  1119 

12=4*2*1 

30  25 55  11=1, SECT 
*K>  11.2  12=1,19 

is::  4(l?*I21=£(l**t21 

2S25  4*2*1=13 
CC  TO  1113 

c 

C?!*£3T  ••3?*UT  3ICsT  4C23  LEFT  S**IFT 

;s;i  wtsi 

3*2P  JFlSIWi.SC.il  *llIS(:,*Jll 
»TISC=SSCT*1 
IFfSECT.LE.il  4111=2 

sicT*sscT*sr* 

:F*SECT.£4.fl  59  TO  1111 
50  lE2i  12*1, SECT 
1C  ISIS  12*2,13 
1C2S  1*12-121=1*11-121 
ii2S  4*11=7174 

so  to  ms 
c 

cc-sst  ••s=it»  hot  i:=:  iicm  s-;ft 

1*2*  409=1 

15*S  IFtSiTSii.EC.il  4HTE*t.*»33» 


-  -  ‘  1 

~  -  - 

-  _ 

-  -  . 

-  — 

'  »r 

*  *  «r 

_  -  ‘ 

;  .  _  -  -  - 

-  -t 

* 

-  - 

-  _ 

;  -  sic 

-  lisr 

SI* 

.-1159 

-  -  — 

-  SI*  . 

1159 

SIP,  - 

11*9  ~ 

SI* 

..  11*1 

- 

SIC 

■  11*2 

•_  SIS 

12*3 

SIP 

11*4. 

•  sia, 

-  11*5 

(SRY 

SI*r 

11S* 

* 

.  SI* 

11*7 

“ 

«»» 

11** 

SIS 

11*9 

SIP 

117* 

SIS 

-  1171 

SI* 

1172 

SIS 

1273 

SIP 

1174 

Sis 

1275 

SIS 

117* 

SIP. 

1177 

SIC 

117#  T. 

SIP 

lilt. 

cstft)  - 

SI* 

.2249 

- 

SIS 

1191 

" 

SIC 

1142 

SIS 

4193 

sis 

UM 

SIS 

11*5 

SI* 

129* 

SIS 

1147 

• 

SI- 

11»# 

SI* 

un¬ 

SIC- 

it**. 

SI- 

1191 

- 

SI* 

1192 

- 

SIS 

1193 

-SIR 

1194 

SIC 

1195 

- 

SI- 

119* 

<510 

SIP 

1197 

Sis 

U9# 

SIS 

119* 

SI- 

129# 

SI* 

1221 

SI* 

12-2 

SI- 

1293 

SIP 

129* 

«• 

12*5 

sis 

129* 

SI- 

12*7 

SIS 

12  C* 

SIP 

1249 

CSl»l 

SIP 

1219 

SIP 

1211* 

- 

SI- 

1712' 

SI* 

1212 

SIC 

1214 

SI* 

1215 

- 

SIS 

121* 

SIP 

1217 

SIS 

121# 

SIS 

1219 

SIC 

122* 

SI* 

1221 

SI* 

1222 

SIP 

1223 

(Mtl 

SI* 

1224 

Sis 

1225 

SI* 

122* 

St* 

1227. 

SI* 

1224 ' 

. 

SIC 

1229 

SIS 

1232 

SI- 

1231 

• 

SI* 

1232 

. 

sis 

123* 

. 

SIC. 

•234 

SIS 

1235 

SI* 

123* 

€«tt 

SI- 

1237 

SI* 

1233. 

SI* 

1229 

A-15 


G3/EE/72-7 


a-ltS*S£CT*i 
*f(S-'J.U.:i  aT!»M 

'F(SKi.;?.ii  CS  IC  U« 
ni»(m 

1C  1*25  n=l,SCT 
11  JKJ  12*1,1“ 

IS't  i(I2»  =l(I2»l) 

H35  If  111*1% 

CO  TO  1119 

C2l-?*T  ••Wf.Tin.T  (H*T) 

ansj*« 

12=1 

13=16*23 
**U1*-?3 

50  Iff;  11*1,2* 

Icfl  1(211*1(111 
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•  14*4 
14*5 
lit! 
14C7 
*4£| 
14*9 
1413 

1411 

1422 
1413 
2414 
1415 
1410 
1417 
mi 

1425 

1423 

1421 

1422 

1423 

1424 

1425 
1424 
1427 
1420 

1429 

1430 

1431 

1432 

1473 

1434 

1435 

1474 
1437 
14*1 

1439 

1440 

1441 

1442 

1443 

1444 

1445 
1440 
1447 
1449 
1449 
1453 

1451 

1452 

1453 

1454 

1455 
1455 
1457 
145* 
1459 
145* 

1451 

1452 
14*3 
2454 
14*5 
24** 
14*7 
14*2 

14*9 

1470 

1471 
2472 
147J 

1474 

1475 
147* 
1477 
1470 
1479 
14** 
14*1 
14*2 
14*3 
14*4 
14*5 
149* 
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«»t  Fcz'-.x'f  -ictTii:  eu»»ar  t-  iat»cc;iai  -  iroci  •» 

rCWTI*  tCi?  =««  iSSinCTICi  -  M.F*»») 

E^I»  fj>t  KSKKCrt  2KS7>tiC>:09  -  (ffCJ  *1 
*’23  fc’-arc*  aHT  FI13  CK97SC»t  ISSIWT3U  -  (H'Cl*) 

*:’*  <’ll»  CI’tt’3  1  LIMIT  !X£W!SII8S  -  (SttJ'l 

«25  :=»’«!£;  ctifwt  jaST^xun  -  tca»»»i 

*S2t  iCC«a.MW  l£fT  SHIFT  IFST-LCTICX  -  !H3*J 

*337  ’C«T(»  =ISHT  SHIFT  IMST=CCTICM  -  U*S !•» 

U3S  FRMH*  S^LIT  *CCVT7L»TO*  l£FT  SHIFT  IkltigCHCl  -  ISIll'J 

*a*  fc^ui;*  shut  iraa-H«  ait-i  shift  isTanie*  -  nui*i 

4s39  jcLIT  LEFT  *3  l£FT  SHIFT  1VSTKCCTXCI  -  iau*l 

4.31  FCSMTI*  S^LIT  2I»T  JCIC  l£*T  SHIFT  IHSTStXTICK  -  (S«L1*1 

*£32  fc»«h»  s?l;t  left  *s«  ?isht  shift  nsirxiiCK  -  csuhi 

*;’3  rR'-iTt*  £?IIT  4I£MT  S0*2  ?IS«  SFIFT  IVSTTOCTISM  -  l£»t'l 
*JH  FC^riTf*  -iW-TI^tr  IKS:2UCim  -  {•«)•! 

*;35  Ff«SH*  ■SS.U’IT  RM2FSE3  33S!F«IICi>  -  «*«>•» 

tj’F  ?K-»7c*  sftiJ  rgiiisir  issntsna  -  isi«*i 

*337  Fc^nc*  san  s3lti»lt  scsifieo  laiiatucit  -  (smi*> 

4C39  fc-^ih*  sTcy-iccrjiste  issiauerio  -  *ST9»»» 

4C59  FC>iT«/,»  CSsTgl'  RC2E*> 

434C  FCWl*  FUt  STOFEM 

4141  FC?.*tTtl1  1 

4342  FC*StT«»  M!S£  S£5I<ia  ~  NM»  ••311) 

4343  F02RiT(»  UISCT3IS  OT»ff  tW=  S*,I2,»C  MIS  1  *1“  £VDEI  SItWL*) 

4344  FC’J’tH*  3!S:F£I£  ««»«  IS  S?F  -  32SCF£T£  OVIFLTS  »£  CISUlEC*) 

4345  FC»*iTC*  I-3J£«£T£  I-t=WTS  OSES  M<t  £ZC££S£3  T"9££  SORlKC  -  US 
IT  7»LU£S  StliX  4IU  33  «£»•» 

4345  FCH!IT|»  r-27SCS=T£  ffful*  US£0  KITE  *IG£EC  THOSE  St»U£C  -  US 
IT  THKS  «lia  -.ILL  3E  USER*) 

4347  FC2-1TI-  *:si’T  c««£l£t  CUTFUT  -  •,<.Cl,2I.*F£»IKtini  C*TF*CT£» 
1  CUTFUT  -  •,S1» 

424)  FC”tT(*  ?I=KI  D>mci3  SOTFCT  -  •,4Cl,2X,*H£«rECIr-L  amen* 
1  C37*1*T  -  ••«) 

424H  Fr?»tc«  3Ki»f  3V.T*ar  CV  LIME  C*»I1.*1  OF  -1»» 

4352  rC2~iTI*  3ISS4T  CLIFT?  9*  U«£  t*»II.*l  OF  •!•» 

4251  FR«ITI»  7113-11=  MSI,*  VI T*  I  V5LT«£  CUTHS.T  CF-.F7.Z,*  TCLTS*> 

4253  FC’-ITI*  ¥?*2-i»=  Mil,*  VJTh  t  »XKt£  CCI=LT  fl?*,F7.2,»  VCllS«) 
4.53  FI»M*I*  *3(3-113  *,K!,*  m*  »  lSLTK£  MT’tl  C;*,?1.7,*  TC1.TS-) 

4254  Fpail*  THE  — ISt  lidsra  IS  IS  TH£  isu  CC^Kl»»!CK  SC  »CtT* 
BF  CUT*Uf<*» 

42ie  ?ci«n*  iai«£  WI’ST  IS  ZX  Lists  »5*,U,*3*J 
425*  FP-iii*  »aia:  cat»r7  is  cm  live  ic*,u,*i*j 
«*:  fcwk*  mn;£  cutrut  is  ci  u«  (c*,u,*2*> 

4555  Fprsu*  Tali'.:  CWTFsT  IS  CR  LIES  K*,It,*I*l 

4255  ;C»-:T«*  1  !»a:F£»  13  XZ7  2U.CSE3  K  L-2Z5,  T- 

:s«'*  I?-1IS«£3*I 

4342  *C<*KI*  ;*c  I-WSTUrntt  aSCVESTEC  IS  WI  U  WSTSUCIIC4-1 
£rO 


c*  =»-  iscFs  -  feo 


SIR 

14*7' 

SIM 

143* 

fi¬ 

14** 

st** 

-  145* 

SI* 

list: 

SI* 

use 

SIM 

1493 

SIS 

1494 

SI*. 

.  1455 

SI- 

149* 

SIM 

1492 

SI* 

149* 

sir 

1499 

SIM 

1939 

SIR 

15*1 

SIR 

1532 

SIM 

15*3 

SIR 

15*4 

SIR 

1535 

SIR 

159* 

SIR 

15*7 

SIH 

15** 

SI- 

15*9 

SIR 

1S1* 

SIR  ‘ 

ISU 

SIM 

1512 

Sle 

‘  1513 

SIR 

1514 

SIR 

ISIS 

SIR 

151* 

SIR 

1517 

SIR 

151* 

SIR 

1519 

SIM 

152* 

SIR 

1521 

SIM 

1522 

SIM 

1523 

SIM 

1524 

SIM 

1525 

SIR 

152* 

SIR 

1527 

SI- 

152* 

SIR 

1529 

51- 

153* 

i  SI- 

1531 

Sla 

1532 

SIR 

1533 

St* 

1534 

GE/EE/72-7 


SICK  3111 

ca,  ms,  CHE 

:a<?”*  *«• 

3*«  BCJ/JM,  l-l,  ifj,  IMS,  1HU,  IMF,  I*e,  ,►*,  lrir, 

3*1*  2£?V35/t  Cxi/H/,  XIi£S/3SSsS!!(SV 

1-1,  lKf,  If*.  1**,  IMS,  SMS,  s«7,  JMf,  JMt,  IMF, 

3  »  sg  s:  s&  “*• 1H**  *•*  «•  «*• 

««*  o-v?v3«/H’/’  ei?*;S:/1H,/»  'W5w«i/*  sawn*  / 
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SIR. 
SIS 
SIS 
SIR 

sis. 

SIB 

ccsscs  t(?*>,  s«i3e,2i» ,  icoli  cfLKi  *»*,  aw??i?a >  fkie  si* 


corrc-i  si,  <i»u,  »,  assist.  s-cisTa,  si,  as,  sect,  a,  v,  n,  k  sib 
ccwss  it,  *i,  r,  ti,  cisFcs?  sr» 

cotrcwstetlt/  ct.  H?:,  etc,  tnidii,  «n.'(2?i,  Itawt,  accm,  sir 
1  iiFtss,  cinKN,  vms  sim 

IHCfclil.».ZU  SO  TO  5  SIB 

lFtp>tx.».ci.o«,a'ii.FS.2?.:c.ciu!i.cC.2u  so  to  a  ■  sib 

■iF<c«a.v:.z>.K.9aa.£e.zs.34.CKn.cC.27.ct.ou«.ic.zv  co  tc  :i  sib 
If«IKa.i9.2M  SO  to  15  SIB 

SC  to  35  SIB 

!fCc*.;0.tS)  SC  to  1  SIB 

X*I1F<S,1.J»  SIB 

*SIT*-t*,1.3I  SI** 

sn»«*i  si- 

«W(  -  sis  ■ 

1  C*LL  1119  SI* 

•510*11  SI* 

5  IFiS2.H3.0Sl  SO  tO  1  .  SIM 

v-ITEIfc,  1131  -  m 

MFIt£Ifc,113l  SIS 

«lK*i  SI* 

innn  sis 

IS  a?ItS€S,i2Sl  SIS 

«rltr»,USl  SI* 

»FllF*l  SIS 

SftCBS  Sis 

15  T2=-C0«ESt-l,*l«l  SIB 

1FIFC.U.11  SO  to  IS  SIR 

w*ic*a  sis 

DC  2?  11=1,2%  SI- 

£Ct=i»u;:i42.fin,iji4n  si* 

:FIT(ll,!».-S.r::.»C.lllll.£C.ClEI  »t=W£  si- 

iFniUf:;i.iM-^.«9.t(Ui.».ziFci  «=c»c  sir 

*«I1,22I=?S*3  SIB 

IFICC3£.H3.2.2a.CBCS.?C.2.C>.CC2£.Sr.s..««.C0Er.53.ri  »(Il.I2»-=«»£  «I* 
23  CCatJ-u£  SIB 

21  IFi:*eiST».il.;  »£T33i  SIB 

«HST=5i££l9l  SIB 

CSU.  »EK  SI* 

sna<:  sib 

25  1C  3C  11=1,2%  SI* 

IC  7(11,121=1(111  -SIB 

St*  tr  2i  SIB 

IS  IFIFC. £3. 11  53  to  55  SIB 

Its-GlSST-l,  1*1  •  SIB 

12*1  SIB 

13*11  SIB 

%e  »*i»fii  sib 

_ 3C  *5  11=12,1?  .  SIB 

CC?£*%*SU11*2  2(S1,X%1*«K  SIB 

ifi2i:i,i%i.*c  :^.:t-:.iiiu.£o.a£i  =r=ots  sin 

IFIB(I1,IH.£**  «:C.1£5.1I!11  .EC.7ES0)  M=Z£3 C  SIS 

2«l,I%l=7£ao  SIB 

IFCCCPE.£«J.1.0  .C5r£.*O.2.SB.CC9£.£C.%.0^.CS0*.x3.?l  SII1,I%1=CK*  SIB 
*■5  CCBTIBOS  SIB 

IF€I3.£S.2%1  Sf  TC  S3  SI* 

12=1%  SIB 

13*15  SIB 

CO  to  %*  SIB 

51  IFI»£H$n.£9.9  SfTOfM  SI* 

•£KSTt«£Jllt»  SI* 

cut  2EC2  SI* 

55  *£TO*K  SIB 

i.f  ?y«n*  steals*  am;i  «<*  ?nc*  ik  cc±d  stctsse  cura-is  if  cot  si* 

13-StO**5£  B-HE  SKITCM  IS  OFF  -  =F«U«  i£=S»»TfS,l  SIB 

liS  ?C*.-1U»  3tC?*3*  IS  *it  lUCit;  Is.  SI*.«l£-tOCFS  «,I,L,  £i  Cl  -  7(  SIB 
100*1*  tl  «J3iT£0*)  Sir 

US  FClBlIt*  ST9>«£  :i5S5t  K<£  FUC?  »  C*13S*t  SC  If  OISMSTf  Suite  SIB 
W  K  IFF  -  FiS’41  I£iSMTt9*l  SI* 

PO  .  SIB 


SV?3CUIl5t*'  STCt* 

K2%1,  CKSe,  CC'£.  C3*F£S(2%i21,  32,  ECU,  £M,  F**l,  FC 
ISt:fr?  *•«£»,  IB,  ft*,  FUSE,  3(£%,%  1,  RESIST,  i*CISl»,  SI*  EK 
IMECE*  S?(3l,  5£CT,-  SISKlt,  B,  V(2%,%>,  VI,  »,  1(19,111,  XI 
IUSCEt  t(2%,23l,  tl,  ZE*C,  CIS*CS£ 

CC?-~-C“  S,  C— IB,  CSC£,  CCB*E6,  C3,  E,  EM,  r»  FC,  *,  112*1,  IFES 


•1»% 

1SSS 

155* 

issr 

1550 
1555 
15*0 
15*1 
15*2 
15*3 
15*% 
15*5 
15*C 
15*7 
15*5 
15*5 

1570 

1571 

1572 

1573 
157% 
1575 
157* 
1577 
157# 
1575 
1S»»_ 

isn't 

15*2 

15*3 

15*% 

15*5 

15** 

15*7 

1S»» 

15*5 

1S53 

1551 

1552 

1553 
1SS* 
1555 
155* 
1557 
1E5* 

.1555 
UN 
2E21 
1«2 
1**3 
1«* 
1**5 
1*0* 
1**7 
1*«» 
1*95* 
1C15 
1*11 
1*12 
1*13 
1*1% 
1*15 
151* 
1*17 
»1* 
1*15 
162* 
1E21 
1£22 
2523 
1  ?2% 
1425 
1€2* 
1*27 
1*22 
1225 
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su3?ouiih*:  l«j*o  .  si- 

:(24lV  ruin,  COX,  C0S=£S«20,EI,  33.  St  01  H«»  fC  SI? 

I!?£K*  Niiiii  cs,  KSISlj  nSISRf  H«  SI" 

!»-«??.»«»,  S3.  sicKti.'i.  '«it»«,  n.  xr»  nu.i2i  >  H  sin 

IMiei*  T(cif!>)f  TI,  Z£?C,  1ISP«*  _  iW  - 

cctipi:  a,  C“if?,  CCK,  C3~=£S,  9?,E,  £*,  F,.FC,  M,  1(201,  I*£S  SI* 
ecssc*  1.1201,  sfi2e,2ii,  nzoi,  oca.,  m»ti  w,  wf5»n,  aust  si* 

ccrac*  «?,  SliKUt  *t  *ECIST,'.  -E61STS,  ai,  »*,  SECT,  u,  I,  Tl,  K  SI* 
CCS1C  X,  XI,  T,  XI,  3ISFCSE  SIS 

ct»wsi?«i/  :*.  z=«o,  ce,  Et!{iK)i  WI27J,  saw*i  ■con*»,  ti» 

t  M.rl*ES,  Mfiai,  JIHS  SI* 

C(W£KU*K*0  SI* 

30  l  11*1, e*  sir 

I2*SHlFTCCar*£6<lJ,ll  Sir 


1  C'SsSllls««H.m5-Illl 
If(f»ia.£S.21>  SO  TO  10 
IFirHlS.E1.22l  68  TO  IS 
'lFtCK*0.£C.231  60  TO  20 
2FtCK29.EC.201  SC  TO  2S 
2FtrK21.E9.251  60  TO  30 
IFCEX.cC.9M  60  TO  5 
■3»nEis,i;n 
«*mn,iii) 
mwn 

trTOW 

5  Jl  (EEC* |C*M)  *C0i2f 6f  11 
3ETUK* 

•i  2Ftu9.E0.6M  SO  TO  5 
»»I1EB,1£51 

irnrn,i;si 

Slldl 

«nn 


si- 
sia- 
$t- 
SI* 
SI- 
'  S!« 
SIS 
SIS 
SIS 
sir. 
SI- 
SIS 
SI- 
SIS 
SIS 
.sis 
SI- 

sir 


15  I2**tC5tS£C»-l,61*l 
FfI21=-0S=E6tll 
%S1SI*M£$KI 
SC  TO  3S 

25  I2*r0it5ECT-l,«l*l 
MtI21=C0S»ESfll 
K6ISTaR£St«- 
S**  TO  35 

25  ir*rC?l3SCT-I.ai*l 
E  CI21  *CC*R£6  til 
i£cm**«t»i 
68  TO  15 

2£  3JCS2*:StIl 

s:iri*xscisi  -  * 


sis 

sis 

Sir 

SI- 

Sis 

SI- 

SIS 

Sis 

SI- 

52* 

SI- 

51- 

et» 

si¬ 


's  iFtrE8isTi.sc.il  ymna  51- 

CHl  -E62  51s 

srtlpi:  SIS * 

-  ;  FCErlTt-  SOI 3  STOrXK  -ErS»T  C25S2I  ?!  L92CE3  IF  C-IlMIO^E  **II  SIS 
IE  SXlTfel  IS  SFF  -  ?IK*n  I£W3JT‘e*l  -sir 

155  resort*  VST  STC526E  T?5£l  CIUCT  »£  IM9E?  IF  5ISC25TE  S»ITC>I  IS  SIS 
i  cff  -  »23S22s  ie;*!Is«te9«i  sir 


£>* 


t 


SIS 


MI* 

1631 

1032 

1033 
1030 
1035 
1030. 
1037 
1030 
1039 
1000 
toot 
2002 
1003 
10OO 

isos 

1000 

1007 

1000 

1009 

lost 

lost 

10521 

1053 

1050 

1055 

1050 

1057 

1550 

1059 

1052 

1001 

1502 
1003 
1000 
1005 
2000 
1007 
106  P 
250 » 
1075 

1571 
"  1072 

1572 
St>* 
1070 
1570 
1577 
1570 
1519 
1000 
1001 
1002 

1503 
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SC??CtlTI£  U«4.9»C 

M£t£^  41241 ,  0»SK,  CC 8£,  C0*£££(24ti)t  39*  =m,  £*,F(4),rc  . 

;sT£££?  -*(16),  Cl,  C-4-,  ^l'£,  2(24*4),  »£5ISt,  2£SJ«I(,  «,  W 
Ifci-fii’  52*21,  C£CT,  <!S»L,  U*  >124,1),  )!,  V*,jr(13,i;),XI 
!«£'?«  T(24,l?),  ri,  2HC,  «J*C£* 

cesses  a,  chic,  cct£,  cotfis,  ca,  £,  tv,  f,  fc,  h,  imi,  icsc 

errscs  L (24) ,  -*(126,2*),  4(2 4),  E£Ct,  KFLSC,  Oil!,  3U^(?<),  FUSE 
CCMDB  S3,  S!Hll,  2,  3rd  ST,  $£{£$»,  21,  «,  SECT ,  V,  V,  H.  K  . 
CCS<CV  X,  XI,  T,  II,  DISPOSE 

CS’W/’irTJT:/  OX,  2£-0,  Cat,  W.S(lt)  ,  «n( 27),  IRMt,  WDM, 

1  nnKX,  *HE£ 

ac*=£ 

90  1  11=1,11 

IFCCKS.:«.C21*IO)  ;s  TO  (5,l?,15,22,2S,35,4;,3CrCC,7£,7*)  II 
1  CWIftli 

I?=K(SE5T,CH4*!) 

SC  TO  33 

S  IS=S0?(S=CT-1,4)*1 
I2=F(I2) 

CO  TO  33 

15  !2=rC51S£5T-l,15)*l 
I2*M(I2) 

SO  TO  9i 

15  1?CIWIS£SW,SI*1 
12*5(12) 

SC  TO  S3 
22  I2*U 

«C  T0  43 
25  9C  25  Ilsl.24 
55  «!(I1)=1(I1) 

SO  TP  112  -  - 

25  99  45  11=1,24 
45  a(Il)=L(IH  - 
45  SC  TO  117 

s;  wjsii 

-1=*-C2(S£ST-1,4)*1 
W  35  11*1,24 
55  R(I1)=V(I1,I2) 

SC  TO  53 

K  IF(»C.£9.i)  W91 

29  55  11*1,24 
55  3JIl)*-i(Il,I2) 

SO  TC  33 

7?  I2*KCC(SSCT-S>lS)*i 
?2=-(«(I2*3,lE) 

I2*»(22> 

SC  TC  S3  • 

-5  I?i*.KI£-:CT-l',l)»l 
17*400*3  2*4,  31 
I2*F(3«) 

?:  Jf«).£~.SieS)  CO  TO  115 
20  55  »1*£,£> 

*msi*as3(i2,o«Et 

55  Z2*FhIFT(I2,-1» 

«  IF(sus.£3.1)  c«  TO  55 
SO  TO  113 
35  BO  155  11*1,24 

ZF(X(I1».£C.94E»  SO  TO  i;s 
*(Il>x9f£ 

SO  TO  1=5 
11C  UIIUKd 
125  C«TI*B? 

iF(i*sc.55.s>  »£(•■ 

IF(*5«SJ».E9.3)  .  *£T8>« 
t£SKI*mC(U 

ecu.  H« 

^n*« 

113  IrtJttS.iMI  SO  TO  125 
s’H'B.SW 
s*3ir (4,122) 

12  £  •sn.lOl 

imw 

125  *?r»E(|,125J 

*?n£(*,K!l 

SO  TO  127 

1 22  'Ct'iTt*  S*~7«2  1C022SS  IS  00T  OF  Janet  -  P3CCS40  H44JSMTF**) 

125  FCSOiX*  JlStfiOTICS  JJKTSJ  IS  OCT  0?  2VSSC  -  HCSW?  T{(3B>T£3* 
1)  - 
DO 
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$v»*curi3S  nttsrc  .  ;ji* 

!«£££»  MJU,  C»W,.  C03€,  C3R=SS (»%,-»,  30,  5()lt  n,  f (M.K  SIB 

IKTFK*-N*»r,  »,  «£,  ?MSs,  ^ SIS1,  a,  *k  sin 
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»5to>c 

sotoj; 

25  »*i«is,i:si 
M1TEI*,1=J1 
SO  TC  22 
irm  3*ST 

IFin.ST.i.1  CO  TC  51 
sr  xx^ccxti 

XFtSCCt.ST.72*  Km 
IFtS5s;i0.t.ir.ttlil5«  SC  TO  2* 

SC  TO  3. 

35  3T  %S  !M,2t 
T«5-l:,TIIs*rtJ 
*.  K-i«5a.»i 

3Fta=r*nf?cxi.='i.c*t;acj  so  TP  S3 

ifw*:c!^ai.^.ntt).w..ffCBtxcn.K.T5gii  »iTm,un 

»ri5j;«crc-u.ic.wi?ii  Tfzs>xi,Tii*rr£ 
s?  ccniBae 
SP  T«*  22 

y=XT£t«,SS51 

eo  TO_z- 

ii?  !<■  i<f  sr?;a  »*i »•"  is  mct  a  vttic  x-5ista*T*  «t 

1  *»S  r::-i  *r*t«E3  it  75*0*1  '  li  a’  n 

i;s  -c^tc  -'iir.?  t-jswxu  s:c»je  t=<t*si«  is  1-  -  =a«ss 


sir 

si* 

SI- 

sx*! 

sis 

nt 

sn 

SIM 

SIN 

SIM 

SI* 

SI* 

SIM 

Sir 

SIM 

SI* 

Sir 

SI- 


!>• 

SI- 

SIR 

SIR 

SI* 

SIM 

St* 

sir 

SI* 

SIR 

SI- 

SI* 

S3* 

SI- 

SIR 

SI- 

1IR 

SI* 

SIM 

Sir 

SI* 

SIR 

SI* 

SI- 

SIR 

SI- 

31- 

si* 

SI- 

SIR 

s:* 

SI- 

SIR 

st- 

Sir 

SIS 

SIR 


-t1  «5t«st  sot  tccmifi 

'•'Y£?5£,'5»53?  ^  *» 1  —*  ««»«** 

:,5tS3SOT«JaficSiT5Ei’'*BC’£re  I*  1-  -  iS 

**3  *  *  SIR 

SIM 


2*2*' 

2127 

222* 

2320 

2532 

2531 
2*32 

2533 
2335 
2535 
253* 
2537 

2532 
2520 
254* 
2341 
2542 

2943 

2944 
2345 
254* 
2S47-- 
2*40- 
2340 
235* 

2351 

2352 

2353 
2554 
2355 
255* 
22S7- 

213* 

2350 
21*9 

2351 
25*2 
£:*3. 
3S*4 
22*5 
23** 
23*7 
23*4 
27*0 
2*7* 

2371 

2372 
2*73 
237*. 
2535 
237* 
2377 
2570 
257* 
23*0 
2M1~ 

2352 
29*3 
2t*4 
2?»5 
2*** 
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sc3»nm«;BRiis 

nw,  ;^ur,  rsx,  csfistijti’i.  m.  n;ii  w,  n«,  fc 

!S»£t£?  •illil,  CS,  M-,  ?f«E,  S'ilSIi  *3BR»  «I,  '* 

isbst?  S5ti».  sect,  ;»uii  «•  ri>t>uf  vz>  vc.  mu.ui,  « 
xaftis  yi,  i*s£,  5!I?ch 

ccrsca  S,  CHIC,  CSE,,  c?UBf  K.  S.  »,  Ft  FC,  *»  I(M>  !*ts 
C(.t;R  5.I2M*  -Ul?f,2!l,  Cf2(il ,  vm,  tfUS,  ttf;  3V9^(7iJ,  WISE 

rcrss  sa,  s:c«ii,  a,  resist,  kcisk.  st,  as,  sect,  c,  *,  n,  k 
csaa  j>  *i,  t,  n,  cisfcse 

«5«SS/jrSlTV  C*,  2aSC,  OC,  RE5I1H,  nit7),  «a««i  nom, 

i  a.K*-!,  KEttEK,  m*s 

»m»t  nc* 

3!s»JU 

ircy.tl.tl  *1*1 

1  »C0t*iC21*l 

i«-ca:a.si.T2)  jetwi 

ir(cc«:(:ccu  ,:C.n.?c^£a  sa  to  5 

SC  TO  1 

S  "C  15  un,2k 

SI25-Il,TIS=?ESa  . 

»  arot>bc<K.*i 
'lflim.SI.T»>  SEW* 

!f(SJ9»5l,!E£ll.i5.R?tJEB  CO  TO  IS 

if is«a;i;a>  ,=i.e*i  wi  so  ta  is 
ifi-!S>jcrai .sE.nm.ue.A;soiccn!.iE.«C)i 
1  tS^IKSU 

«  CMtiaE 

is  seit«i 

%S!ETne«UI 

z:  i*pjtEit».*i.ei  sc  i!»  25 

Cfll  «B» 

??  K%xica.4i 

!f(S<T*.SI.TJI  SETW1 
irc«?MH“:ai.=s.*?»«£n  ciw* 
sc  re  a 
*sra  i  tci 

tjin-i 

iriTi.sr.il  ti*i 

’£  TCOtafcC%*X 

!fiEra.s».7ji  iiw* 

;rtrus?l«j.l  ,*c.*l?l»in  H  »•  B 
SO  TC-iJ 
’S  9f  «  31*1,2* 

V*25-Il.«l*2*20 
iS  *Clr«CXU 

ir«=ra..ST.T21  IE!m 
:»rsC13»Xll.E9.l*?i'»i«  P>  TO  V* 
jf  J W!5IK»ll  .K.S-2.IVO  sc  TO  *5 

Ki=rt‘53e:JiJ.sE^sr.i.a£.w;KCCu.a;.*sioiJ  a*iT;is,irsi 

1  SS3»3I*C6U 

IFISK-.Kiai  .E?.«t2>l  flZS-Il.Hl-OE 
*5  CCPIWE 
«t  stcttti 

- _ 

SC  TC  2T 

Si*  FC2s*Tt-  Trt  s»*»a  is  SCI  t  KUS  WlS«r£*ttl  unt. 

SIT  KJ  an*  3*?l*C£0  Tr  7£*8*1 

ITS  *S3*:*1*  T<E  SrFX  IS  seT  *  »U3  f-:!CSEr*«»i  UF.T. 

in  we  in*  nn*cts 't  jejo*i 

£*a 


si- 

.2302 

STe 

2300 

SI-  - 

2309 

si* 

2390 

SIS 

23*1 

SI-" 

2392 

SIS 

2393 

sis 

259* 

Sis 

2995. 

SI* 

23  90  ' 

SI* 

2?9T 

SIS 

2290 

SIS 

229* 

SIS 

2X83 

SIS 

2131 

sis 

21*2 

SIS 

21=3 

SIS 

2150 

SI- 

21*5 

SIS 

2190 

SIS 

zm 

SI- 

7130 

SIS 

2119 

SI- 

2113 

SI- 

2111 

SIS 

2112 

Sts 

2113 

SIS 

2110 - 

Sts 

2115 

SI- 

2110 

SI- 

2112 

SI- 

2110 

S1S 

211% 

sir 

2129 

SI- 

2121 

sir 

2122 

si- 

2123 

sir 

2120 

sis 

2125 

SIS 

2120 

SI- 

2122 

SIS 

2129 

SI* 

2129 

ST* 

213* 

SI¬ 

2131 

SK 

2132 

SI* 

2133 

<1* 

2120 

SI* 

2135 

SI- 

2130 

SIS 

2132 

SI- 

2130 

SIS 

2139 

SI* 

2100 

SI* 

2101 

SI- 

2102 

SIS 

2103 

SIS 

2100 

SIS 

2105 

SIS 

2100 

sis 

2102 
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D173  Instruction  Set 

CODS 

DESCRIPTION 

1IUK53IC  CODS 

H0I2Q  TIKES 

ADD 

Add 

— 

1 

ALS 

Accumulator  Left  Shift 

00  22,s,._- 

s+1 

AHA 

Logical  And  to  Accusulata? 

40  42, s 

1 

AHS 

Accumulator  Right  Shift 

00  32,  s 

s+1 

BOA 

Binary  Output  A 

40  10, s 

1 

BOB 

Binary  Output  B 

40  12, s 

1 

3GC 

Binary  Output  C 

40  02, s 

1 

CIA 

Clear  and  Add  to  Accumulator 

44  c,s 

1 

CCA 

Character  Output  A 

00  40,s 

s+1 

COM 

Complement 

40  46,s-  . 

1 

DIA 

Discrete  Input  A 

—  4^ -527s- 

1 

DIB 

Discrete  Input  B 

40  50, s 

1 

Da% 

Discrete  Output  A 

40  2£,s 

1 

EEC 

Enter  Bine  Countdown 

40  62, s 

1 

HFC 

Halt  Fine  Countdox-sn 

40  60,  s 

1 

HKi 

Halt  and  Proceed. 

40  22,  s 

1 

LHl 

Lead  Phase  Register 

40  ?-,s 

1 

I’T’: 

Sinus  liagnitisde 

40  44, s 

1 

$ 

•V* 

»!•* 

Multiply  Modified 

34  c,s 

13 

SPY 

Multiply 

2 *«-  c,s 

13 

H3D 

Reset  Detector 

40  20,  s 

1 

SAD 

Split  Add 

60  c,s 

1 

SAL 

Split  Accumulator  Left  Shift 

00  20,s 

s+1 

3A3 

Split  Accumulator  Right  Shift 

00  30,  s 

S+1 

SOL 

Split  Compare  ana  Limit 

04  c,s 

2 

SLL 

Split  Left  Hord  Left  Shift 

00  24, s 

s+1 

SLS 

Split  Left  Hord  Right  Shift 

00  34, s 

s+1 

3RH 

Spl5.t  Multiply  Modified 

30  c,s 

7 

SKP 

Split  Multiply 

20  c,s 

7 

5;iL 

Split  Right  word  Left  Shift 

GO  26, s 

s+1 

3RR 

Split  Right  Hord  Ri^st  Shift 

CO  36, s 

s+1 

35U 

Split  Subtract 

70  c,s 

■f  - 

STC- 

Store  Accumulator 

54  c,s 

1 
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D17B  Instructloa  Set  (coat'd) 

_  -  .  V  -r  *  .  \  t  * 

CODE 

DE5C2IP210M 

3UZ33IC  CODS 

:!C3D  TIMES 

SUB 

Subtract 

74'-^Cy3£^‘ 

’  -  -  1 

THI 

Transfer  on  Minus 

ip  c,s^_  : 

r  -  1 

THA 

Transfer 

50  C,S 

i 

¥04 

Voltage  Ou  tput  A 

40  3o,s 

1 

VOB 

Voltage  Output  B 

40  32fs 

1  ' 

vOC 

Voltage  Output  C 

40  34,s 

1 

■ 

- 

- 

1*  - 
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D17B  load  Codes 

HALT  -  This  load  code  causes  the  DI?B  ~t<r1rtop  accepting 
data  and  enter  the  program  halt  model  'The  manual 
halt  mode  id.ll  be  entered  If  the  compute  switch 
is  set  at  the  Halt  position. 

COMPUTE  -  This  code  causes  the  computer  to  go  to  the  manual 

halt  mode  of  noncospute.  The  compute  mode  Kill  he 

—  entered  if  the  compute  switch  is  set  at  the  Sun  or 

Single  position.  "  ~  ~  ' 

-  «*• 

FILL  -  This  load'  code  *0"  sets  the  fill/verify  flipflop 

<o3>. 

VERIFY  -  This  load  code  al*  sets  the  fill/verify  flipflop 

(03). 

LOCATE  -  This  code  causes  the  contents  of  the  Loser  Accum¬ 
ulator  to  be  shifted  into  the  Instruction  Eegister 

CLEAR  -  This  code  clears  fee  Lower  Accumulator  by  filling 
it  iTife  all  zeros. 

DELETE  -  This  code  causes  no  action. 


ENTER  -  The  action  produced  by  this  code  depends  upon  fee 
setting  of  the  fill/verify  flipflop.  Uhen  this 
cede  is  first  deciphered,  fee  contents  of  fee 
Lower  Accumulator  is  transferred  into  the  Accum¬ 


ulator, 
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If  03  is  -0*  set,  then  the  contents  of  the  Accra- 
nlator  is  stored  in  the  nenory  location  addressed- 
by  the  Instruction  Banister. 

If  Oj  is  *1*  set,  then  the  contents  of  the  Accsn- 
ulator  is  compared  uith  the  contents  of  fee  neaory 
location  addressed  by  fee  Instruction  Begister. 
fee  last  action  of  this  load  code  is  to  increment 
the  Instruction  Begister  by  one. 


I 

f 

l 

i 
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Figures  fai*  Intsr-’iJsti 


BiEST/,  Discrete,  22a  voltage 


J 
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Appendix  D 

Instructions  for  4Jsirg .  - 
the  D173  Computer  Simulation  Program 


GE/ES/72-7 

Porevrord  to  Appendix  D 

A  software  simulation  program  has-  heen^epitten  which 
simulates  the  functions  of  the  Hinnteran  DI73  computer. 

She  structure  end  organization  of  this  simulation  program 
is  described  in  chapter  II  of  this  thesis.  The  D173  simu¬ 
lation  language  is  presented  in  chapter  III,  chapter  IV 
contains  a  listing  of  the  error  statements  of  the  simu¬ 
lation  program,  and  chapter  V  is  rads  up  of  example  pro¬ 
grams  "which  Here  run  on  the  simulated  computer r . 

Shis  appendix  contains  information  for  using  the  Di?B 
computer  simulation  program  at  API?.  Procedures  are  given 
for  accessing  the  simulation  program  frcn  a  teletype  term¬ 
inal.  Information  concerning  the  use  of  program  tapes 
and  external  program  files  is  also  included.  A  condensed 
version  cf  the  D173  simulation  language  is  given  followed 
by  the  listing  of  a  method  for  cresting  a  shortened  version 
of  the  simulation  language. 
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Procedures  for  Using  the 
D173  Conroe  ter  Simulation  Progrsa  at  AFIT 


The  D173  computer  simulation  program  was  written  to 
be  used  from  a  teletype  terminal .  Procedures  for  operating 
a  teletype  terminal  are  contained  in  the  Intercom  2  Inf¬ 
erence  Manual  (Ref  3). 

The  simulation  program  is  available  on  the  GDC  6600 
Computer  System  as  a  permanent  file.  KHSIHULATICS  is  the 
permanent  file  name.  Only  one  version  of  the  program  exists 
so  a  cycle  number  need  not  be  specified  when  attaching  the 
permanent  file.  Konever,  the  program  was  catalogued  as 
CY=1.  The  simulation  program  requires  less  than  40a  of 
memory  to  execute  on  the  6600  system.  "The  majority  of 
programs  run  cn  the  simulation  program  require  less  than 
5  seconds  of  central  processor  time. 

Operation  frnn  a  Teletype  Terminal.  To  access  the  sibilation 
program  from  the  teletype  terminal  requires  tiig  user  to 
LOSlsI  •Kith  the  6500  computer.  Procedures  for  doing  this 
are  contained  in  the  Intercom  2  Reference  Manual  (Hef  3: 

Chap.  3,  P.  5/-  After  login  has  beet  successfully  completed 
the  teletype  prints  out 
CCHKAMD- 

The  user  Kill  respond  with 

ATTACH ,  MHAT  ,  HKSiilGIATIOii  ,  33=1 . 
to  cake  the  simulation  program  available  for  his  use.  The 
system  will  respond  to  this  request  by  typing  the  tine  and 
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the  attach  request  followed* by 
CGHH&KD-  ' 

The  user  must  decide  if  he  wants  the  output  to  be  printed 
at  the  teletype  or  if  he  wants  to  dispose  the  output  to 
the  batch  terminal  line  printer.  If  output  is  to  be 
printed  by  the  teletype  the  user  should  respond  to  the 
command  with 

CGHKECT,  IHPUT,  OUTPUT. 

If  output  is  to  be  disposed  to- the  high  speed  printer  the 

user  should  respond  with  _ — -g~r  " 

CC2&SST,  i:iFST,TA?S4. 

The  system  will  process  this  request  and  the  teletype  will 
print  the  following: 

CGKKrJID- 

Tne  user  should  respond  with 
BK.4K. 

which  puts  the  simulation  program  into  execution.  Ii  wring 
execution  of  his  data  the  user  should  respond  to  any  messages 
that  appear  at  the  teletype.  Hhen  the  user  has  finished 
running  programs  he  should  exit  the  simulation  program  by 
specifying  13 (OFF)  and  respond  to  the  message: 

■TO  BUJI  ABCTKS3  x3CX=3AH  TY?3  *2US»;  TO  STOP  TiTS 
•HALT*  - 
by  typing 
HALT 


The  systen  responds  with  the  message 
“EHD  OF  PisCGBAi:* 


Q-2 
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ana.  prints  the  amount  of  execution  tins  used.  This  Kill  be 
followed  by 

COKH&KD- 

If  output  .s  to  be  disposed  to  the  batch  terainal  Hua 
printer,  the  user  should  respond  with 

DISPOSE,  OUTPUT,  P2=ET7. 

folloirsd  by  the  LOGOUT  procedures  contained  in  the  Intercox 
2  Beference  Manual  (Bef  3: Chap.  3,  p.  3-6). 

If  output  is  not  to  be  dispcsed-tc  -feo-lina'  printer, 
then  the  user  should  folic*?  the  procedures  for  LOGOUT. 

Using  Program  Tares .  Program  tapes  can  supply  data  to  the 
simulation  program.  The  data  on  these  tapes  is  entered  by 
the  tape  reader  located  at  each  teletype  terainal.  The 
program  tapes  can  also  be  punched  at  the  teletype  terainal. 
Procedures  for  pascaing  and  reading  cf  program  tapes  is 
contained  in  the  int-ercca  2  Beference  Manual  (Kef  3s Chap.  2, 

F.  7-9). 

Program  tapes  vhiCh  will  also  be  run  on  the  D173  Ccsa- 
pater  oust  be  written  using  the  ASCII  representation  described 
in  chapter  HI  of  this  thesis.  Blanks,  line  feeds,  car¬ 
riage  returns  are  ignored  the  B17B  computer  tape  reader, 
so  these  symbols  can  be  punched  on  the  tapes.  This  allows 
the  program  tapes  which  will  be  run  on  the  Di73  computer 
to  also  be  executed  by  the  simulation  program. 
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Using  External  Files.  Two  files  can  be  established  in  the 
CDC  6600  computer  which  Kill  supply  data  in  the' ASCII  rep¬ 
resentation  to  the  simulation  progress.  She  files  mist  have 
the  names  of  T&E22  or  TAP23.  They  can  te  created  at  the 
teletype  by  entering  SETUP  vhen  the  teletype  prints 
COHHAIlD- 


The  user  responds  Kith 


SETUP. 


The~teletype  Kill  process  this  cossand  and  print  tech 


HEif  02  CIO  FILS— 


The  usei*  should  type 

HEU/TAFE2  or  H3I/2AIS3 
The  teletype  will  respond  with 
EEfiDI. 

The  user  can  proceed  to  write  a  pregran  in  ASCII  representa¬ 
tion.  Each  line  of  the  program  mutt  be  proceeded  by  a  line 
nuober.  jftrocedurei  for  creeping  progress  in  SETUP  are  con¬ 
tained  in  the  IRTEECCH  2  Reference  Kanpal  (Sef  3: Chap.  4). 
The  last  symbol  supplied  nast  be  the  letter  *13*.  This  sym¬ 
bol  signifies  the  end  of  the  progress.  Also  the  SAVE  direc¬ 
tive  should  always  be  given  at  the  end  of  a  pregraa. 

To  use  the  progren  created  on  TAPE2  or  2AF23,  the  user 
oust  provide  an  argument  to  the  simulation  program  command 
KHalJ.  KHAH{2)  will  result  in  the  reading  of  the  data  cn 
TAEE2.  KHAH(3)  causes  fee  simulation  program  to  read  fee 
date  iron  TAPE3.  An  example  in  which  data  is  read  from 
TAPE2  is  as  follows: 


D~4 
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(EIJTES  PSOGSAJi) 

IS(CSf)  JsR(OH)  Si(OU)  PS {0}j )  HHA2I{2)  . 
*2(0)0  K(3uU) 

IS(GFP) 


D173  Ccssutar  Sisulatj^i  Fr ft/tras  Lar-anaEe.  A  listing  of  tbe 
simulation  Issgsge  is  as  follows: 

Octal  numbers  -  0S  1,  2,  3,  4,  5,  6,  ? 

3inary  niEfoars  -  03  1 

_ Losu  Codes  >—  iiAj--Tj  ICCaTICI.  ,  FHjj|  VERIFY 

COMPUTE,  EIvxSH,  CI3.hB,  DEISTS  1 

i2hen  OCTAL  is  specified,  input  mist  "be  ia  Octal  rep¬ 
resentation.  Uhen  BUIABx  is  specified,  input  most  be  in 
Binary  representation,  iihsn  H1L4IJ  is  specified,  input  must 
be  iii  ASCII  representation.  (Default  is  OCTAL) 


Octal 

Hsuresentation 

Binary 

Lanrasentaticn 

ASCII 

Beuresestatlon 

UiEf&srs  -  0 

10000 

0 

1 

C0D01 

1 

3 

2 

00010 

2 

3 

10011 

3 

4 

001C0 

4 

5 

10101 

5 

6 

10110 

6 

7 

00111 

7 

Load  Codes  -  HALT 

01000 

8 

LOCATION 

11001 

9 

FILL 

11010 

Z 

v22IPI 

01011 

• 

f 

COMPUTE 

moo 

< 

SJTEB 

01101 

— 
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CL5L42 

DSItfi'i’S 


01110 

11111  7 


Switches 


S  flitch  Haas 
rising  Signal 
Fewer  Cn/Cff  Switch 
Initiate  Load  Switch 
Master  Beset  Switch 
Cold-Storage  sriie  Switch 
Discrete  Switch 
Kechar.ical  Issat  S  si  tea 


MaegonicC  Setting) 
T(0H) 

12(03),  IB(G?F) 
FS(03) 

J2(05) 

25f(C5),  E£(OF?) 
BD(Ca),  IS(OFF) 


335(05) 


(Default  of  these  switches  is  OFF). 

Compute  Koae  Snitch  E{H£L7) ,  2(511313), 


K(2UB) 

(Default  of  this  snitches  is  HALT) 


Display  -  A  binary  output  listing  of  any  of  the  follow¬ 
ing  registers  or  icons  will  be  given  whenever 
its  contents  changes,  if  it  appears  as  the 
ar»tusent  of  the  2ESI5TZ3  cosnand: 


Mnenonic- 


B  erf  s  ter  or  Logo 


a 


Accumulator 


I  Instruction  Register 

L  Lower  Accumulator 

1*  ltuaber  Register 

F  F-loop 

E  S-loop 

B  H-lcop 

U  U-loop 

V  ’f-loop 

B  B-lccp 

Example:  B3SIS*IE3<A,I,L,H} 

B50ISS53  (  AIUiSPUnVB  ) 

(Ho.  cf  arguments  can  vary  from  0  to  10  and  must 
be  one  of  these  given  above) 


D-6 


O 


GE/ES/72-7 


r  - 

v> 


jr  >» 


Eie  contents  of  memory  Hill  be  given  as  output 
.whenever  a  IS2G3Y  cosssad  is  given: 

KEHUEY(wCxAL)  Heaory  dunsp  Hill  be  given  in 

Octal!  *  - 

ISHGHY ( 3I1SA3Y )  Hesory  duap  uillhe  given  in 

Binary. 

(Default  is  OCTAL) 


Discrete  Inputs  -  X{19  bits  as  argument) 

Y(24  bits  as  argument) 

Example:  X(1  000  ODD  101  Hi  HO) 

.  Y(iilQOOiliGOOIllOOOillOOO).  - 

Increneaxal  Inputs  —  v(24  bits  as  argument) 

3(24  bits  as  argument) 

Example:  V(0000  0001  0010  0011  0100  G10I) 
B( 09001111  iiilOOOO  101 01 CIO) 


Kiscellaneous  - 


SIG'iAL  —  Each  time  SjiGicAL  is  used.,  it  films  the 
representation  fron  0  to  1  or  1  to  0. 


SIGNAL  is  0  at  the  beginning  of  the 
program  run.  Hlien  SIGHAL  is  1,  the  modes 
of  the  computer  Hill  be  traced. 


xwu^UTE(:oi>uc)  -  I*o.  of  execution  cycles  in  the 

compute  mode  can  be  specified. 


Example : 


(Default 


SCEGUI2(G0l0) 

EXBCU2B(9999) 

EXECUfS(0250) 


10  executions 
9999  executions 
250  executions 


is  50  executions) 


D2  -  D2  flipflop  is  =1*  set. 


D-? 


GE/EB/72-7 


< 


VK(O)  -  VK  flipflop  is  *0*  set. 

Vu(l)  -  VK  flipflop  is  *1*  set. 

SK(0)  -  HK  flipflop  is  *0*  set.  ^ 

BX(i)  -  BK  flipflop  is  *1*  set.  ^ ''  ~ 

BBII;  1TIALIZS  —  Eesopy  is  initialized,  binary  output 
flipflops  are  set  to  +1,  dis¬ 
crete  input  counters  are  set  to  zero. 

Shortened  Version  of  Sisniat-ion  Language.-  The  following 
listing  contains  the  simulation  language  words  which  can  be 
shortened,  the  interpreting  letters,  -snd-aa-esaaple 'of 
a  shortened  version: 

Sisalation  language 

words  which  can  be  Interpreting  Ezasole  of  a 
Shortened. . .  Letters  Shortened  Version 


halt 

K 

HALT 

iocatioh 

L 

LOG 

FILL 

FI 

FILL 

VERIFY 

V 

VE3 

COMPUTE 

CO 

COE 

ES3S3 

31 

EH 

CLEAR 

CL 

CL 

DEISTS 

DE 

DEL 

OCTAL 

0 

OCT 

BEL4RY 

B 

BIN 

E HAH 

EH 

REAR 

SIKGLS 

S 

SUiG 

BU3 

R 

RU3I 

REGISTER  Urg) 

RS(Arg) 

BHJ(Arg) 

KEKQRX  (  3IHARY ) 

ES(B) 

ESH(B) 

ISHG2Y(  OCTAL; 

KE{0) 

KEK(O) 

SIGNAL 

S 

SIG 

K<ECSS(Arg) 

EX(Arg) 

EXEC(Arg) 

RSInITIALIZATXCH 

ESI 

REUIIT 

